GRID linked to 
SUPER GRID 


The first 180 MVA, 3 phase, 132/275 kV auto- 
transformer to be completed for the Central Elec- 
tricity Generating Board. 

Illustration shows the first of two of these transfor- 
mers at the Skelton Grange Substation of the 
Yorkshire Division of the C.E.G.B. 


TEXAS EN: 4 ‘ 4 


, 


The transformers, each fitted with resistor transition 
on-load tap changers, were manufactured at the 
AEI Rugby Transformer Works. 


For further details write to AEI Transformer Division, Southmoor 
Road, Wythenshawe, Manchester 23 or your local AEI office. 


Transformer Division 


CAET) Associated Electrical Industries Ltd. 
MANCHESTER and RUGBY 


E/A002 














In Australia, in Canada, 





in Asia, in America, 
in Europe, in Africa, 
in every continent of the 220-kV small-oil-volume circuit-breakers in Australia 


world, Reyrolle circuit- 

—from generation 
breakers control and 

at the power-station 
protect electrical supply 

down to local distribution 
at every point of the system — 


in the factory, 
their reliability in service 
has been proved 


under every climatic condition 


-oil-volume circuit-breakers in Canada 







Reyrolile 


A. REYROLLE & COMPANY LTD 
HEBBURN - COUNTY DURHAM - ENGLAND 
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This is the stone 

that makes 

the tower 

stand or fall. 
In a Power Station 
it is the Shut-off Valves 
that provide for the safety 
of the entire plant 

and thereby 

make it stand or fall 
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Turbine Valves 
at Mauvoisin-Riddes Power Station 
(Switzerland) 

10 double-sealing 

DE ROLL Spherical Valves, 

nominal diameter 700 mm (28 in.) 
working pressure 102 kg/cm? (1450 psi), 
with patented 

Ring-Piston Servomotor 


DE ROLL 


Shut-off Valves 


our speciality 


DE ROLL Iron Works, Klus (Switzerland) 









It took time and Hitachi research 
to solve an old transmission probiem 


High-tension power transmission 
has long known the phenomenon 
of corona generation, a_  con- 
tributing factor to power loss and 
often the source of radio inter- 
ference. This problem has been 
studied closely by Hitachi research 
scientists and led to the perfecting 
of a radically new ‘‘Multi-Conductor 
Transmission System’’ expected to 


be widely adopted in future. 


The lines shown above were strung 
in 1955 for research purposes and 
have facilitated the solution of 


, various electrical and mechanical 


‘ ‘ 





A Quadruple-Conductor Transmission Line 
(installed at the Tokyo West’ Line, Tokyo Electric Power Co., Ltd.) 


problems and the calculation of 
spanning dips in particular. This 
new system was subsequently 


adopted by the Tokyo Power 

















V Transmission Line for Research Purpose (erected inside the Hitachi, Ltd) Company in new _high-tension 
transmission lines, which has 
enabled Hitachi ACSR and various 

ae a 1 
Ky, (ES SS Bs a Ss 7 ———— spanning devices (spacer and 





apparatus for increasing rigidity 





of Jumper Wire against wind 
rolling) to demonstrate _ their 


reliability under field conditions. 














{fe)) itachi. Ltd. 


- Tokyo Japan 
Cable Address: ‘HITACHY' TOKYO 
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This solid cast stainless 
. eS “ an xz 


steel runner for s rt 





illustrates the high quality of 

tie ae 

finish to’very fine limits 

ta ae Pie . feature of _ 
turbine runners 


of all types. 
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oduction methods, 


by the latest 


agin 


advances in technology, 





maintain Boving Quality at 


the highest standard. 
High quality finish 
ensures high efficiency, 
increases reliability, and 


reduces costiy outages. 
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USE 41-47 x ye LONDON 
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Unit 3 
Guaranteed under 23! ft 84000 HP } } } } nasil 
+ 
Efficiencies Efficrences 
Opening guaranteed biained 
| | | | 10/10 91,0 94,5 
9/10 92,5 94,8 | 
nen i ————— 8/10 92,8 94,7 
7/10 91,4 92,8 
85 | 6/10 89, | 90,2 
| i I 
| | ij | | Maximum reached | | } 
- | | | 10 500 HP 
| | | | | HORSE POWER UNDER 231 ft l 
| 
eee | = | eS | | 1 | | | | l | Riciter se i 
41,600 58,700 76,000 93,200 110, 400 





PICOTE NEYRPIC TURBINES 
EXCEED EXPECTATIONS 


P ° r t u g a 1 


The sound qualities 
of Neyrpic turbines 
were again confirmed 
at Picote 

when the efficiencies 
of units 1 and 3 
exceeded 

the guaranteed values 


NEYRPIC 


Avenue de Beauvert GRENOBLE 
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We design 











manufacture and erect 


DENSTOCKS 











small 
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isolat 
WATER POWER Ja 





SCARPA E MAGNANO 


POTENTIAL TRANSFORMERS 














PENSTOCKS, PRESSURE SHAFT LININGS 
FOR ALL WORKING PRESSURES 


re 


GIOVANOLA 


Monthey-Switzerland 
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In all parts of the world where 










natural resources are _ har- 


nessed to provide the increas- 






ing demands for electrical 






energy 
















AEG 55 MVA generators in 
Petdjdskoski Power Station, 


Finland AEG waterwheel alternators | 


have proved their unfailing 


reliability. 


More than sixty years expe- 











ti rience, skilled craftsmen, spec- 








. ialized research and produc- 











tion methods, ensure first-class 


Lit 
mae 























“4 = technical design and quality 


Y | of the equipment. 


Write your local AEG distributors for a 











copy of publication Ex 1170. 


2 we 
Le 


8775e 


ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 
Berlin (West) EXPORT DEPARTMENT Frankfurt (Main) 
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AE! 125-ton 


Synchronous Condenser 
















vi 
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wrt —¥ 
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... erected with a 5-ton crane 


This air-cooled outdoor-type AEI synchronous condenser, rated at 50,000 kVA 
1,000 r.p.m., is in service at the Torrente (Spain) substation of Hidroeléctrica Espafiola 
S.A. Despite the large capacity of the machine, its design permitted erection without 
the use of a heavy crane, the only equipment necessary being jacks, rollers, and a 
5-ton hoist. 


AEI Synchronous Condensers are in service in every continent 


Sizes range from 1,000 kVA upwards, and total capacity installed or on order exceeds 
700,000 kVA. 


Enquiries relating to synchronous condensers should 
be addressed to Large Electrical Machine Sales, Rugby. 


Associated Electrical Industries Limited 
Heavy Plant Division 
RUGBY & MANCHESTER, ENGLAND 
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For hydro-electric plants fine regulation of the water level 
is important. This is best achieved by discharging the up- 
stream water over the gate. Particularly suited for that 
purpose is the M.A.N. Flap Gate. A remarkable plant 
is the power station, shown in the picture, in the River Inn 
at Neudtting, with 5 gates of 18 m clear width and 8.5 m 
height each, height of flap 2.2 m. 


HYDRAULIC 
STRUCTURES 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) REPRESENTATIVES IN ALL COUNTRIES 



















MOVEMENT of materials... that’s the secret of meeting 
schedules on great projects. Getting the stuff in, putting the 
machinery on the job — half the battle is won when the 
movement is unhampered, when the equipment which handles 


the gear does so with unfailing reliability. 


Henderson Cableways fit the description. Not only is each 
component built to the highest degree of engineering skill — 
Henderson Cableways are undoubtedly the most economical 

method of moving big loads on the majority of dam, 


barrage, bridge or viaduct contracts. Confirmation of this fact 





lies in the considerable number of cableways we have 


— 


installed at vast projects throughout the world. 


SOT 


Henderson CcaABLlEWAYs 


JOHN M HENDERSON AND CO LIMITED: KING’S WORKS : ABERDEEN 
P5069 
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HYDRO-ELECTRIC 


GENERATING 
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HIGH VOLTAGE INSULATORS. :%."=r= 


The outstanding quality of S & PP insulators is the @ Insulators for railway 


result of over 30 years’ experience in the manufacture electrification 


of high voltage porcelain insulators. @ Custom-made porcelains 


STEATITE AND PORGELAIN PRODUCTS LIMITED 


STOURPORT ON SEVERN, WORCS. TEL: STOURPORT 227I GRAMS: STEATAIN, STOURPORT $.P.103 
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FERRANTI LTD * HOLLINWOOD * LANCS  reiephone: FAlisworth 2000 
London office: KERN HOUSE, 36 KINGSWAY, W.C.2 *prone: TEMple Bor 6666 
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Contributing 
to 
Your 





Better 
Living! 


Heavy electric equipment such as Water Turbines, 
Generators, Power Transformers, and testing equip- 
ment for Power Stations, are being shipped out one 
after another from Toshiba’s Tsurumi works. 


Shown above is one of the 3 scheduled 133,000 kVA 
generators—among the largest in the world—to be 
insialled at Okutadami Power Station in central Japan. 
The 137,000 KW Francis turbine, seen at left, to be 
coupled with this generator is also a Toshiba product. 
The runner diameter of this turbine is 4,000 mm, 


and ranks among the biggest in the world. 


Similar generators with 58,000 kVA power has been 
installed at Mazatepec Power Station in Mexico and 
is now in full operation, Toshiba is also in pro- 
duction for various heavy equipment for many other 
new projects around the world. 


Tokyo Shibaura Electric Co., Ltd. 


2 Ginza Nishi 5-Chome, Chuo-ku, Tokyo, Japan 
Cable Address: TOSHIBA TOKYO 












REGULATING 
VALVES 

















LOLENFIELD tH a ho ee ae a) KILMARNOCK 
: Head Office & Works: 
' KILMARNOCK - SCOTLAND 
: VALVE SPECIALISTS AND HYDRAULIC ENGINEERS 
' FOR OVER A CENTURY 
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for 

Points of 
Free 
Discharge 


Glenfield Regulating Valves 
for controlling the flow, and 
dissipating the energy of water 
released from reservoirs for 
compensation or scour pur- 
poses under free discharge 
conditions, are widely applied. 


Types available include 
Sleeve, Needle — with Glen- 
field Jet Dispersers — and 
Hollow Jet. 


Illustrated at site are a sleeve 
unit about half-open and a 
needle valve just cracked 
open; and in cut-out form, an 
example of electrically- 


operated hollow jet valves. 
























SUPERIORITY IN PORCELAIN 





Frequency of occurrence 








Breaking Strength (x10° pounds) 





UNIFORMITY 
STRENGTH 
DURABILITY 



















UNIFORMITY? ...... no matter how good an 
insulator you choose you can't expect maximum 
efficiency and service unless they're uniformly 
balanced in strength. 

Take, as an example, the standard NGK 10” 
ball and socket disc insulator (rated 25,000 Ibs. 
E & M Strength) and review the mechanical 
strength of each component by the histogram 
above. Uniform mechanical breakdown strength, 
always occurring at the pin, of the NGK Insulator 
unit is shown by Curve a; that of the cap by 
Curve b when a special pin is used; that of the 
porcelain by Curve c when using a special high 
strength cap and pin. 

Insulator uniformity at a high level is your prime 
assurance to safe operation and maintenance 
economy. 


You get so much more out of NGK neulators 















Cable: INSULATOR Nagoya, TELEX: NGK-NG9928 


Reoresented in all major territories 
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TREATED WOOD STAVE PIPE 
FOLLOWS THE NATURAL GROUND CURVE IN JAMAICA 


Our recent publication: CONTINUOUS STAVE 


The wood components in this mile-long pipeline 
in Jamaica were pressure treated with creosote oil 
for durability. The pipeline follows the natural 
ground curve and was built with ease by local labour. 

Through a wide range of sizes and pressures, wood 
stave pipe is the economical choice of engineers for 


high-line conduits, penstocks and irrigation projects. 


WOOD PIPE, reveals details of history, uses, con- 
struction and maintenance, together with design 


data and flow tables. Write for your copy. 


ADIAN WOOD PIPE & TANKS LIMITED 


550 Pacific Street, 
Vancouver 2, British Columbia, 
Canada 
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Leffel Turbine Installed in Bureau of 





Recla 










TURBINE FIELD TEST | 
PERFORMANCE CURVE 1 


400 PM AND 180 FT. NET HEAD | 

BIG THOMPSON POWERPLANT ' | 

COLORADO -B1G THOMPSON PROJECT — 
BUREAU OF RECLAMATION 


Oe. a = 
POWER 
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EFFICIENT HYDRAULIC 
rOR wy YEARS 





mation’s Big Thompson Power Plant 


A vertical shaft, reaction-type Leffel hydraulic turbine, 
rated at 6,300 HP at 400 RPM under a 180 foot net 
head, was selected by the United States Bureau of Recla- 
mation to drive the generator in the Big Thompson Power 
Plant at the east entrance to the Big Thompson River 
Canyon eight miles west of Loveland, Colorado. This 
plant is the last of six power plants to be built as a part 
of the Bureau’s Colorado-Big Thompson Project. 

Successful installations in all parts of the world testify 
to Leffel’s ability to design turbines for maximum effi- 
ciency and build them for maximum reliability. And 
every Leffel turbine is backed by nearly a century of 
experience in the more efficient development of power 
from water. This experience, through consultation with 
Leffel engineers, is available to you without obligation 
for help in the planning of your next project. Be sure to 
take advantage of it. 


FREE LITERATURE 
THE JAMES LEFFEL & COMPANY 
DEPT. W SPRINGFIELD, OHIO, U.S.A. 


{ ] Please send me more information on Leffel hydraulic turbines 


1110-E 


[] Please have your representative ccll. 
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-Hydro-Electric Generators 


BRUCE 
PEEBLES 


EDINBURGH 


Interior of Shin power 
station of the North of 
Scotland Hydro-Electric 
Board showing two 
12 MW 11 kV 375 r.p.m. 
generators. 
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105,000 kVA Water-Wheel Generators 








ELECTRIC 


makes life comfortable 









The comforts of life are the assured gifts of electric power... 

Mitsubishi Electric engineers, workers... all perform their important tasks in 
making life comfortable..... they help in the manufacture of every type of 
electrical equipment from giant generators and transformers to small home 
appliances that make life easier. For matchless experience and a distin- 
guished history of achievement, look to the THREE DIAMONDS of the : 
Mitsubishi Brand...the symbol of QUALITY and INTEGRITY. 





is. MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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Power Stations 
and Substations 





Séecheron Works Co Ltd, Geneva, 


the specialists in the electrotechnical 
field, supply all kinds of equipment 
for complete power stations and 
substations: 

High capacity A.C. and D.C. motors 
and generators. Power transformers 
of all sizes and voltages. Automatic 
regulators for various types of 
controls. Pumpless mercury arc 
rectifiers, semi-conductor rectifiers. 
Further lines of production: Electric 
traction equipment, Welding sets and 
electrodes. 











G 11438 


S.A. des Ateliers de Sécheron, Geneva 21, 
Switzerland 
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FOR THE WORLD'S HIGHEST VOLTAGE 'R 


the air blast 
circuit breaker 


type AE 


A range of breakers 
from 70 kV to 525 kV 


Breaking capacity : 
30,000 amp. rms. 


Besides properties peculiar to the 
technique of air blast circuit 
breakers the type AE apparaters 
provides: 


o Breaking with high r.r.r.v. and 
ability to interrupt a kilometric 
fault. 

Breaking of currents in 
unloaded power transformers 
with low overvoltages 
Low air consumption. 


Negligible burning of contacts. 





SS 


Ateliers de Constructions Electriques de 


25 CHEMIN DE CYPRIAN VILLEURBANNE (RHONE ) 


OF THE “COMPAGNI 








GE (RANSMISSION LINE 


ne eee 


Re 





SAVOISIENNE 


AIX-LES-BAINS (Savoie) 


ENERALE D’ELECTRICITE” 








The Power stations Ministry of the U.S.S.R. has 
entrusted to SAVOISIENNE the manufacturing of three 
groups of three-phase transformation : 


two of 270 MVA and one of 300 MVA, intended for the 
transmission line of 525 KV, the only one in the world 
operating at present at this voltage. 


The two groups of 270 MVA are each formed by three 
single-phase autotransformers of 90 MVA with three 
windings and a voltage radio of 525V3/115V3-+o0r 
—10%/11 KV, and including an incorporated on-load 
tap changer on the 115 KV winding of + or —10 %steps., 














KULJIAN ...SPECIALISTS IN POWER 


@ Surveys 


4,000,000 KILOWATTS .. . . that’s the total generating 
capacity represented by the more than 100 Kuljian power projects 
now in operation throughout the world. Kuljian engineers are spe- 
cialists in power—qualified by experience to design, engineer and 
supervise construction of hydroelectric, steam, internal combus- 
tion and nuclear power plants and associated facilities. 


Investigations 


Reports 
Reservoirs and Dams 


Hydroelectric Power Stations 


; , Transmission and 
Every Kuljian hydroelectric project combines the skills and experi- Distribution Sub Stations 


ence of a complete staff of internationally recognized experts in all 
phases of water resources development. No matter what your next 
power project might be, The Kuljian Corporation is fully prepared 
to undertake efficiently all phases of design, engineering, and con- ! a 
struction supervision to help bring about the quick, economical | @ Irrigation and Flood Control 
solution to your specific problem. 


@ Pumping and Filtration 
Plants 


Tunnels and Aqueducts 


@ Other Reclamation Activities 


See Kuli Coyrowulion 
engineers * constructors 
1200 NORTH BROAD STREET + PHILADELPHIA 21, PA., U.S.A. HYDROELECTRIC 
DIVISION 1006 


DESIGN + ENGINEERING « PROCUREMENT + CONSTRUCTION « REPORTS 
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Prestressed reinforced concrete 


penstocks of any diameter and pressure 








ae 





- 


oo ue = 


Main penstocks of prestressed reinforced concrete 
(diameter 6 ft. 7 ins., operating at 440 Ib. per sq. in.) 
made for the Mae-Piave Hydro- 


Electric station of 
S.A.D.E. - SOC. ADRIATICA DI ELETTRICITA’ 
































Soc. p. Ax. Gementi Armati tng. Manrevu 
VENICE (ITALY) - Accademia 979/A - Telephone 85.060 









BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain’ but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 

They have been chosen because 
they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 
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GATESHEAD 
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Cowans Ford 
project 


Ice Harbor 
runner 
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Rocky Reach shaft 


and runner 


Rocky Reach 
stay ring 





high-head Kaplans for peaking 


—previous record-breakers also by Allis-Chalmers 


Cowans Ford is the outstanding 
illustration of Kaplan turbines used 
to provide peaking capacity. Duke 
Power Company, with Chas. T. 
Main Inc. as consulting engineers, 
has selected A-C Kaplan turbines 
for operation at 115-ft. head. Each 
of the three units is guaranteed to 
provide a maximum of 153,000 hp. 
Actual operation will involve only 
a short time each day, meeting peak- 
ing requirements of the system which 
is predominantly steam. The result- 
ing average load factor, less than 5%. 
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KAPLAN RECORD-BREAKERS 
Cowans Ford — the third in a series 
of outstanding A-C Kaplan turbine 
installations. These units exceed 
those at both Ice Harbor and Rocky 
Reach in rated capacity and head. 
All are similar in construction (those 
at Cowans Ford are slightly smaller 
in physical size). Allis-Chalmers 
diversified experience to date in- 
cludes over 240 Kaplan turbines — 
a record 6 million hp. 


Rocky Reach—public utility district 
supplied with seven Kaplan turbines, 


1961 


each 140,000 hp (under 92-ft. head). 


Ice Harbor — Corps of Engineers 
installation recently provided with 
three new A-C Kaplans for opera- 
tion at 89-ft. head. These held the 
record with 143,000 hp per turbine 
until Cowans Ford. 

In every facet of hydro generation, 
people count on record performance 
and experience from Allis-Chalmers. 
For assistance anytime, contact your 
local A-C representative or write to 
Allis-Chalmers, Hydraulic Divi- 
sion, York, Pa. A-1383 
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specialized 


in penstocks and pressure 
shaft linings as well as in 
other equipment for 
hydro-electric power plants 
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A long tunneller and a strong tunneller, 
the badger builds himself an intricate web 
of passages and dens in which to evade 
pursuit or retire from the noisy world outside. 
It’s a paradox of progress that man too—in getting 
even further away from nature—is going more and more 
underground. Tunnels for hydro-electric schemes, 
underground power houses—these and many other 
engineering feats are the work of man the tunneller— 


a skill which we have developed into a fine art. * * 
™ Many of these badger ‘sets’ have been 


* * In driving 40 miles of tunnels for the North of enlarged and — ole — 
, e , generations and may extend for hundreds 
Scotland Hydro-Electric Board, Mitchell Construction of feet into a hillside. 


captured and hold the World high speed rock-tunnelling 
record and constructed the first major underground 
power station in Britain. 











oe MRM 


MITGHELL CONSTRUCTION 


Re 
Building and Civil Engineering Contractors 


THE MITCHELL CONSTRUCTION COMPANY LIMITED 
WHARF WORKS - PETERBOROUGH 














P2864 
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agua, Leading Manufacturers of 
OVER’) Hydro-Electric Generators 











Stator of one of the three 60-MVA hydro-electric generators for 13,800 V, 60 </s, 


108 rev/min, being built for Wilson Dam power plant of the Tennessee Valley 
Authority, Knoxville, U.S.A. 


BROWN.BOVERI-:co..110. 


= 9 oe — eS ee ee eae — ee 


Representatives in Britain: British Brown-Boveri Ltd., 75 Victoria Street, London, S.W.1 

































325,000 horsepower 
in 
turbines at ASWAN 


Five Kaplan Turbines have now been delivered by KMW 
to the Aswan Power Plant, three of which have already 
been put into service, while the remaining two will be in 
commission by the beginning of this year. 


Each turbine has an output of 65,000 HP at a nominal 
head of 88.5 feet and a speed of 100 r.p.m. The weight 
of each complete runner is 135 tons and the runner dia- 
meter 19 feet. The runner blades are made of stainless 
steel. 


AB KARLSTADS MEKANISKA WERKSTAD 


KARLSTAD - SWEDEN 


Representatives in Canada: A. Johnson & Co. (Canada) Ltd 


P.O. Box 56, Montreal 16. 
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for low, medium and high voltages 


Clad Switchboerds 


Standard 


ESCHER WYSS 


turbines near the Arctic Circle 


The 83,400 HP Kaplan turbines for Pirttikoski Power Station in Finland represent another example of our activities as 
suppliers of Hydraulic Installations throughout the world. These units are designed to operate at 115.4 rpm under 29 metres 


head with 232 cub. m/sec. developing unit outputs of 83,400 HP. 


Escher Wyss Ltd. Zurich/Switzerland 
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There's little glamour about a machine designed for engineers by engineers— men 
who are unsatisfied with anything less than constant, top efficiency. 

The rugged Hitachi Convertible Shovel has been built for smooth and fast operation 
under the toughest conditions, from the tips of its wear-resistant cast steel dipper 
teeth to ‘its stable, extra long and wide truck frame. The versatile Hitachi Convertible 
Shovel offers a choice of diesel engine or electric induction motor as prime mover, 
can be mounted on crawlers or truck for still higher mobility. The efficient Hitachi 
Convertible’ Shovel converts quickly and readily to dragline, drag shovel, clamshell, 
crane or piledriver. Literature and quotations gladly supplied on request. 


G) Pitachi.Ltd. 


Cable Address: “HITACHY' TOKYO 
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Pumped-storage Stations 
improve 

the Economy 

of Power Supply 








coal 
Siemens-Schuckertwerke have played 

an important part as consulting 

engineers and/or suppliers in all large 
pumped-storage projects in West Germany 
and other countries in Europe: 




























Schwarzenbach 46MVA 
Herdeckée 160 
Waldeck 146 
Hadusern 134 
Deichow 82 
Rodund 212 
Witznau 220 
Waldshut 176 
Reisach-Rabenleite 70 
Brattingfoss 14 
Geesthacht 131 
Happurg 88 
Tanzmihle 35 
Leitzach 52 
Vianden 460 
Erzhausen 250 MVA 


We plan and design complete 
pumped-storage stations. 
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We supply all the electrical equipment 
required. 


SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT 
BERLIN- ERLANGEN 
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IS POWER! 


Knowledge gained through many years’ experience in the design, 

construction and erection of all types and sizes of Hydro-Electric 

Plant, backed with 75 years of ‘know-how’ by S Morgan Smith of 

York, P.A., keeps Harland firmly abreast of technical developments. 
The illustration shows one of the 40 ton Turbine Casings for 

the KARADJ Dam project, being machined — a further 

example of the increasing demand for 
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‘POWER VANE”’ 


ROTARY COMPRESSOR 






NEW SIZE 


260 c.f.m. output to meet the demand for a unit 
between the existing sizes of 210 and 365 c.f.m. 


NEW STYLING 


New, easy-to-clean streamlined body in two tones of 
green. 


NEW ACCESSIBILITY 


Hinged side shutters and rear door give easy access 
to instrument panel tool box and engine for routine 
attention. The canopy can be removed for major 
overhauls. 


SAME EFFICIENCY 


All the advantages of the world famous ‘Power Vane’ 
rotary design. No pistons, crankshaft, clutch or valves. 


SAME RELIABILITY 


Fully automatic regulation, electric starting fitted as 
standard. Same simple in-line oil cooled unit. 


SAME TOUGHNESS 


The same sturdiness and robust construction which 
has made the name ‘Power Vane’ famous over the 
years—and keeps it going year after year under the 
toughest conditions. 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 


The Aswan Hydro-Electric Scheme 


N this age of rapid industrial development so much 
lun is devoted to the need for international co- 

operation that it is gratifying to record a case in 
which such co-operation has been fruitful. Few can 
doubt that, at first sight, the co-ordination of a major 
project involving the efforts of no less than seven 
differert nationalities might be a formidable task. 
That inis can be achieved, and with a highly satisfac- 
tory end-product, is amply demonstrated by a paper* 
on the Aswan hydro-electric scheme, recently pre- 
sented to a joint meeting of the Institution of Civil 
Engineers and the Institution of Electrical Engineers. 
At the meeting, the joint authors, Hr. V. Furuskog 
and Mr. G. F. Kennedy, partners of the two firms of 
consulting engineers responsible for the work, lucidly 
introduced their paper and later replied to some 
interesting discussion. 

The authors commence their paper with a brief 
introduction describing the historical background to 
the project, and this is in itself a fascinating story. 
Virtually from the time that the original Aswan dam 
was completed in 1902, various engineers considered 
the possibility of utilising for the generation of hydro 
power the appreciable head that had been made avail- 
able, All the schemes put forward, however, were 
inevitably influenced by the prime considerations of 
reservoir operation and irrigation requirements, neces- 
sitating, as they do today, variations in reservoir level 
of up to 22 m. Thus it seems that a power project 
became practicable only with the full development of 
the Kaplan turbine. 

Early schemes for the hydro-electric development 
visualised the incorporation in the Aswan dam of 
penstocks leading to a power station at the foot of 
the structure, but this conception was later abandoned 
due to the risk of setting up stresses for which the 
original dam had not been designed. The scheme 
eventually adopted utilised an existing depression 





* “The Aswan Hydro-Electric Scheme’’ (Paper No. 6434). By Valter 
Furuskog, C.E.. M.ASCE., Partner, Vattenbyggnadsbyran, Stockholm, 
and Geoffrey Farr:r Kennedy, M.A., M.I.C.E., M.I.Mech.E.. 
M.1.E.E., Partner, Messrs. Kennedy & Donkin, London. 
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upstream of the dam on the left bank. This has en- 
abled a short headrace to be introduced leading to an 
intake dam which traverses the depression, and at the 
foot of the dam is situated the power station. This 
station contains seven main generating units, each 
of 47-MW maximum capacity, together with two 
house sets of 11:5-MW maximum capacity, and the 
net head on the main units varies from 10 to 23 m. 
The draft tubes discharge into a surge basin, from 
which four tunnels lead to the tailrace. 

Of the several interesting features of the works, 
mention may be made of the power-station design. 
The walls are required to support very heavy crane 
loads of up to 530 tons when the two cranes are linked 
to lift a generator rotor. Although a system of rein- 
forced-concrete arches was given very serious con- 
sideration, the design eventually employed consists 
of reinforced-concrete vertical columns, panel walls, 
and crane beams, the panel walls acting as beams. 
The dam is of an uncommon design and consists of 
a watertight-concrete front part supported by granite- 
rubble masonry; stability against sliding is supplied 
by the lower part of the power-station subsiructure. 
Yet another point of interest is that a very high factor 
of safety appears to have been employed in the design 
of the spiral casings and blocks for the turbines. The 
steel spiral casings, after being tested at double nor- 
mal working pressure, were encased in heavily rein- 
forced concrete blocks. These spiral blocks were 
designed to be sufficiently strong to counteract the 
outward water pressure regardless of the stresses in 
the steel plate of the casings. In the electrical field 
there is little of unusual interest, although the size of 
the house sets has been commented upon; however, 
it should be noted that the rated capacity at low 
head is very much below the nominal rating and that 





1960 INDEX 


An index to WATER POWER for 1960 has been 
prepared and can be obtained free of charge on 
application to the publishers. 








there is an appreciable demand on these sets from 
Aswan town in addition to power-station needs. 

Only brief mention is made in the paper of the con- 
siderable problems of co-ordination which must have 
confronted the consulting engineers and contractors. 
Not the least of these was the problem of transport 
to the site, most of which was carried out by river 
from Alexandria. When we consider that 17 principal 
contractors were engaged on the work, which covered 
a period of more than six years during which there 
were many changes on the Egyptian scene, we feel 
that the authors should be congratulated not only on 
their excellent paper but also on the major part which 
they played in the successful execution of a scheme 
involving such a large measure of international tech- 
nical co-operation. 


Ffestiniog Pumped-Storage Scheme 


N the evening following the reading of the paper 
on the Aswan dam, referred to in the foregoing 
Leader, a nominated lecture on “Blaenau Ffestiniog 
and Other Medium-Head Pumped-Storage Schemes 
in Great Britain” was given to the Institution of 
Mechanical Engineers by H. Headland, M.-Sc., 
M.1.C.E., M.I.Mech.E.. M.1.E.E., a consultant on the 
staff of Messrs. Kennedy & Donkin. In view of the 
importance of this lecture we shall comment on it in 
our Leading Editorial next month. 


Scottish Hydro Board Defended 


Tue Council of The Highland Fund has entered the 
controversy on development of hydro-power projects 
in the North of Scotland area, in support of the North 
of Scotland Hydro-Electric Board. The Highland 
Fund states that recent attacks have been made by 
a self-constituted body which has no status or powers 
other than those taken to itself. From their own ex- 
perience of development of the Highlands they know 
that immense benefits have been conferred on the 
Highlands by the Board’s activities. The construc- 
tional wages distributed in the Highlands did much 
to reduce the exodus of population and to limit the 
losses that would have been involved. Had not women 
of the Highlands received the amenities of electrical 
power, many would have been responsible for taking 
themselves and their families to the south. 

The Highland Fund suggests that any required 
assessment of new needs of power might suitably be 
undertaken when facts and figures are available from 
Hunterston atomic station. Any such investigation 
would require to be properly established and em- 
powered by the Secretary of State for Scotland. 


Letsi Power Station Sanctioned 


THE Swedish Government has granted permission 
to the Swedish State Power Board to proceed with 
the construction of Letsi power station on the Lule 
River in Arctic Sweden. The section of river con- 
cerned is a series of rapids 34 km long and providing 
a fall of 136 m. A combined earthfill and rockfill 
dam, 500 m long and 85 m high will be placed across 
the Lilla Lule River 16 km upstream from its con- 
fluence with the Stora Lule River, raising the water 
level by 60 m. An underground station will be built 
near the dam, and a 6-1-km tailrace tunnel will con- 
duct the discharge to the Stora Lule. The station will 
contain two 125-MW generating sets, and provision 
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will be made for a third. An annual output of 1,700 
GWh is expected, and the cost is estimated at Kr.200 
million (£14 million or $40 million). 

The Lule River offers the most favourable remain- 
ing sites in Sweden for large, cheap stations, and dur- 
ing the next ten years two-thirds of the country’s 
hydro-electric development will be on this river. The 
first large station in this catchment, Harspranget, has 

een in operation for some years, and a 240-MW 

station is now under construction at Messaure. Mes- 
saure is scheduled for completion in 1963 and Letsi 
in 1965. 


Yugoslav Progress 


‘THE Peru¢éa dam and the power house erected at 
its toe are now nearing completion. At the Split plant, 
excavation work on the 9-6-km long 6°1-m diameter 
diversion tunnel was completed in May, 1960, and 
erection work on the two 108-MW generating sets 
has reached an advanced stage. Construction work 
on all sections of the plant is progressing according 
to plan, and, following the agreement concluded be- 
tween the Dalmatian Division of Hydro-Electric De- 
velopments and the Financing Authority, the instal- 
lations are to be commissioned considerably ahead of 
October, 1962, as originally scheduled. The first 
generating set is to be on the line by February 1, 
1962, and the second two months later. 


Second Power House at Kundah 


HE second power house of the Kundah hydro- 
electric project has been completed and four genera- 
tors. each of 35,000 kW. were put into commission 
on October |. The second power house will be form- 
ally inaugurated in the middle of January next. 

The Government expects to begin work on the 
third stage of the Kundah project during the last year 
of the Second Plan, although it was scheduled to be 
taken up only in the Third Plan period. 


Turbines for Aratiatia Power Station 


BovInG and Company (ANZ) Pty. Limited, the 
Australian subsidiary of Boving and Co. Ltd., an- 
nounce that they have been awarded a contract to 
supply three 42,000 h.p. vertical Francis turbines to 
the New Zealand Electricity Department for installa- 
tion in the Aratiatia power station in New Zealand. 
Construction of this power station has begun on the 
Waikato River, between Rotorua and Wairaki, in 
New Zealand’s North Island. Its turbines, operating 
on a net head of 110 ft at a speed of 136 r.p.m., will 
generate power for the North Island system. Of the 
seven power stations on this river, Boving have sup- 
plied turbines for four, the other three stations being 
Arapuni, Karapiro and Waipapa (at present under 
construction). Delivery of the turbines will be made 
during 1962 and 1963 and it is estimated that the 
station will commence delivering power to the system 
early in 1964. 


Bhakra’s First Generator Commissioned 


THE first of five AEI generators, which will supply 
a total of 450 MW of power to the Punjab and the 
neighbouring states, Rajasthan and Delhi, has been 
put on load at Bhakra, on the River Sutlej. some 200 
miles north of Delhi. A second machine will begin its 
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trials shortly and is expected to be commissioned in 
the New Year (see WATER POWER, November 1960, 
p- 415). Bhakra dam, claimed to be the world’s 
highest straight gravity dam (740 ft high and 1,700 ft 
long), is part of the £130 million Bhakra-Nangal pro- 
ject, which will eventually have an installed capacity 
of more than 1,000 MW, as well as irrigating millions 
of acres of land. One of the Bhakra power stations is 
nearly finished, and delivery of the five generators has 
been completed. 

The AEI generators ordered by the Punjab Govern- 
ment are rated at 100 MVA, 0-9 p-f., 166-7 r.p.m., and 
supply power at 11 kV, 3 ph, 50 c.p.s. Closed-circuit 
ventilation is provided. Protective relays, automatic 
voltage regulators, and neutral earthing and surge 
protection equipment were also supplied. 


Developments in Ceylon 


THE detailed investigations of a hydro-electric and 
irrigation project on the upper Walawe River in 
South Ceylon has recently been completed by a com- 
bined team of American and Ceylonese engineers 
under the auspices of the International Co-operation 
Administration. 

The project, which it is estimated will cost some 
Rs.235,300,000, will comprise an earth dam, 128 ft 
high and 600 ft in length, a headrace channel and a 
tunnel, four miles in length, and a power station with 
a capacity of 120 MW. A new transmission line, 35 
miles in length, will connect the power station with 
the Laksapana distribution centre, and other lines 
are proposed towards Galle and the southern end of 
the existing coastal transmission system from 
Colombo. Irrigation supplies for some 40,000 acres 
are proposed. 

The completion by Russian engineers of pre- 
liminary plans for the development of the Kelani 
River has also been announced. One of the main 
purposes of this scheme is to alleviate flooding in the 
Colombo area, and this could be achieved by the 
diversion of waters towards the arid regions of the 
North Western Province, where irrigation works are 
proposed. A power station of 60-MW capacity would 
be incorporated in the project. 


Motor-Columbus Report 


THE Annual Report for 1959/60 of Motor-Colum- 
bus SA, Baden, gives an interesting picture of hydro- 
electric development in Switzerland. The extreme 
dryness of the summer of 1959 had important reper- 
cussions on electricity supply, for the total produc- 
tion of 17,222 GWh for the year ended March 31, 
1960, fell short of that of the preceding year by 1,079 
GWh. At the beginning of October, 1959, the reser- 
voirs were only 88% full. This fall in production 
occurred in the face of an increase in consumption of 
1,040 GWh, equivalent to 6-8%, so that although 
1,496 GWh were exported during the summer of 1959 
a balance of 959 GWh had to be imported during the 
succeeding winter. 

Careful thought is being given to the situation that 
is developing in which Switzerland will have built 
out all her utilisable water-power resources. Chang- 
ing conditions in fuel supply, the discovery of large 
reserves of natural gas, the proposals for pipelines— 
not to mention nuclear power, in which Switzerland 
is conducting research—raises the problem of 


WATER POWER January 1961 


whether it is better to import the fuels or the elec- 
tricity. 

Of the various hydro-electric schemes with which 
Motor-Columbus are concerned, Zervreila, Gougra, 
and Ackersand II were inaugurated during the sum- 
mer and autumn of 1959. In the Valle-di-Lei Hinterr- 
hein development the equipment of the Baerenburg- 
Sils head, commenced in 1957, was in sight of 
completion and the first set was due to enter into 
service in the autumn. In the Valle-di-Lei Ferrera 
international scheme the supply tunnel and penstock 
shafts were driven and the power station excavated, 
and work was proceeding on lining and on the in- 
stallation of the mechanical and electrical equipment. 
Excavation had also been started on the Ferrera- 
Sufers-Baerenburg head. Work on the three stations 
in the Blenio scheme was progressing, and the four 
sets in Biasca station were placed in service during 
the winter of 1959/60. 

Important work was also carried out on transmis- 
sion lines. Lines completed or under construction in- 
cluded the Mettlen-Goesgen and Sils-Rothenbrunnen 
380 kV links, the Goeschenen-Mettlen 132/380 kV 
connection, a 380 kV line for Electricité de Laufen- 
bourg SA, and a 132 kV_ Immensee-Rotkreuz- 
Hendschiken line for CFF. 


Another Loch Awe Contract Awarded 


THE Mitchell Construction Co. Ltd., of Peter- 
borough, have been awarded a third contract by the 
North of Scotland Hydro-Electric Board in connec- 
tion with the Loch Awe scheme. The contract in- 
volves the construction of a concrete gravity dam, 
1,150 ft. long and 80 ft. high, across the outlet of Loch 
Nant, together with an overflow spillway and channel, 
the construction of access roads and other ancillary 
works. 

The Mitchell Construction Company are already 
carrying out contracts involving the construction of 
the Loch Awe barrage and the building of a power 
station at Inverawe, and the total value of the three 
contracts is over £770,000. Civil-engineering con- 
sultants for the Nant section of the Awe scheme are 
Babtie, Shaw and Morton of Glasgow. 


Experimental Electronic Weather 


Forecasting 


THE New Zealand Meteorological Service is plan- 
ning to institute experiments on the electronic fore- 
casting of the weather as soon as a new government 
computer is operating. Such machines are used ex- 
tensively for the preparation of weather charts, but 
the interpretation of these charts still requires the 
services of a skilled forecaster. Experiments are al- 
ready being carried out in the United States and 
Great Britain to develop computers that will be able 
to predict, as well as prepare the maps, and it is 
thought that similar experiments in New Zealand will 
be of value. 

New Zealand’s particular problems include the 
lack of meteorological stations in the South Pacific 
area, and the Meteorological Service feels that ap- 
preciable modifications of the techniques employed 
in the Northern Hemisphere will be required. Such 
modifications will largely be a matter of trial and 
error and experiments over a period of several years 
might be required before the method is perfected. 
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Fig. 2. Roselend dam under construction 


The Roselend Development 


This is the first of two articles describing a large hydro- 
electric scheme undertaken by the Region Alpes II of 
Eléctricité de France. Roselend dam is of unusual interest as 
it is a combined arch and buttress structure of uniaue design 


PART ONE 


NE of the largest hydro-electric schemes being 
(Jinan in France is known as the Roselend 

development, located in the Isére river basin in 
the south-eastern part of the country. This develop- 
ment will add some 230 million cu. m. of new water 
reserve to the 280 million cu. m. collected in the high 
basin of the river Isére, viz., 230 at Tignes and SO at 
La Girotte. Being in the Alpine region, the water is 
collected from isolated mountain streams and thus a 
high head for about 1,200 m. is obtained. The power 
station of La Bathie and its related works are being 
built to accommodate a flow of 50 cu. m. per sec. 
so that the station will have a capacity of 500 MW 
and will be able to produce annually about 1,000 mil- 
lion kWh, obtained largely during the peak hours of 
winter. Even when taking into account the loss of 
capacity of the existing power plants 1n the valley of 
Beaufortin and lower Isére the annual net gain of 
power will still be in the region of 700 million kWh. 
The fundamental interest in this development is the 
ability to add to the grid network 500 MW of power 
in 34 minutes from start-off to full power. 

In essence, the development consists of creating 
reservoirs interconnected by tunnels, the three reser- 
voirs being those of Roselend, St. Guérin, and La 
Gittaz. The Roselend reservoir is the most important 
in the scheme, and has a surface area of 320 hectares 
and impounds 187 million cu. m. It is situated on the 
Doron de Beaufort immediately upstream of the con- 
fluence of Doron de Roselend and the Treicol tor- 
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rents between flow levels of 1,439 m. and 1,557 m.., 
which is the maximum water level. The Roselend 
dam, which is the most interesting in the project, is 
immediately downstream of this confluence and 
stands nearly 150 m. above its lowest foundation. To 
this principal reservoir are added the waters of a 
more modest reservoir of Chapelle-Saint-Guérin of 
13 million cu. m. capacity, which has a surface area 
of 45 hectares. This is created by a thin arch dam 
70 m. high placed across the Pontcellamont stream, 
a sub-tributary on the left bank of the Doron de 
Beaufort. These two reservoirs maintain the same 
level as they are connected by an underground tun- 
nel. The third reservoir contemplated is to utilise the 
existing river basin and the waters of La Gittaz rivu- 
let, a tributary on the right bank of Doron de Rose- 
lend, by building a dam 100 m. height. The reser- 
voir thus created will have a storage of 30 million cu. 
m. and a catchment area of 20 sq. km. It is to be 
connected to the Roselend storage area by means of 
a short tunnel. The catchment areas of the first two 
reservoirs are 44 and 19 sq. km. respectively and are 
too small to introduce any risk of the reservoirs be- 
ing overtopped. Several underground water collectors 
drain the water from a catchment area of 186 sq. 
km., either directly into the supply tunnel or towards 
the reservoirs by diversion tunnels. The water sup- 
plies for this scheme are thus collected from 261 s74. 
km. of catchment area by 24 water intakes intercon- 
nected by a network of 40 km. of tunnels and 7 km. 
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Fig. 3. Outline map of the Roselend development 


of canals. The supplies can be divided into three sec- 
tions, the first being the upstream supply from the 
right-bank tributaries of the river Is¢re from the Mer- 
cuel stream to the Glaciers torrent collected between 
elevations 1,660 m. and 1,750 m. The catchment area 
is 186 sq. km. This supply is carried by about 25 
km. of tunnels and then by concrete pipes, and is 
gathered by 13 water intakes most of which func- 
tion auiomatically and which will be described later. 
Part of this section, the Glaciers tunnel, was put into 
service in 1951 to supply the Beaufortin chain of 
seven stations. The upstream branch is connected to 
this already existing branch by a reinforced-concrete 
inverted syphon, which is 830 m. in length and 2°10 
m. in diameter and has a maximum flow of 15 cu. m. 
per sec., across the Chapieux valley. The maximum 
flow in the Glaciers tunnel is 21 cu. m. per sec. 

The section of supply from the Ormente stream, 
a tributary on the right bank of the river Isére, has 
a catchment area of 29 sq. km. Here, there are three 
water intakes which lead the flow into the St. Guérin 
reservoir by means of a tunnel of about 8 km. length. 

The third section is somewhat special because the 
water collected is fed directly into the supply tunnel, 
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Fig. 4. Geometrical definition of the arch of Roselend 
dam 
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thus bypassing the reservoirs. This supply is from the 
Argentine and the Bénétan streams having catchment 
areas of 5 and 10 sq. km. respectively. 

The waters collected from these catchments amount 
to 385 million cu. m. in a normal year and they are 
channelled to the turbines of La Bathie power station, 
situated in the Isére valley, a few kilometres from 
the town of Albertville. The supply tunnel to this 
station is 12-6 km. long and 4:20 m. in diameter and 
bypasses the seven existing hydro-electric plants of 
the Doron de Beaufort. This is apart from the Fon- 
tanus station situated farther upstream and which 
remains supplied during the winter from the storage 
of La Girotte lake. 

In addition, it is intended to construct an auxiliary 
development to Roselend—the Sauces power plant, 
utilising the available head of about 100 m. between 
the extremity of the upstream main supply and the 
water level of the Roselend dam. It would have an 
installed capacity of 18,500 kW with an output of 50 
million kWh per annum. 

A general picture of the construction involved in 
the Roselend development is given in the following 
features:— 

Total length of underground excavations .. 61 km. 

of which 1,350 m. are sloping shafts of 70% gradient 
and 500 m. are vertical shafts. 

Total volume of excavations 900,000 cu. m. 

Volume of concrete: exterior 1,040,000 cu. m. 

interior 280,000 cu. m. 

Total weights of materials amount to 15,300 tons 

as shown: 


Penstocks and linings 10,000 tons metric 


Turbines 1,000 
Alternators 2,100 
Transformers 1,000 
Other material 1,200 ‘ 


Besides the above, about 6,000 tons of metal arches, 
shuttering, rails and other such equipment are used 
for tunnelling purposes. 


The Roselend Dam 

The Roselend dam is a composite structure of an 
arch dam, called the “dam in the gorge,” the sides of 
which are held by a buttress structure, called the 
“Méraillet dam.” The development at the crest will be 
804 m. and the volume of concrete about 920,000 
cu. m. The site chosen is across the deep and narrow 
gorge through which the waters of the Doron de 
Roselend flow. The area is formed by the glacial basin 
of Roselend and is composed of relatively soft Trias 
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beds with a sedimentary crystalline covering, but 
at the entry to the gorge, the dam site, the rock was 
found to be of crystalline schist of good quality over 


a considerable part of the foundation. Seism 
measurements were also carried out which gave 


wave velocity of 3,500—3,800 m. per sec., indicating 
satisfactory rock. This was also confirmed by the 
examination of the rock in a 300 m. long tunnel 
drilled through the Méraillet spur at about the 7,430 


m. elevation. 
A study of the gorge showed that the left bank 
made up of steep cliffs of 45° slope and rises to 


considerable height, making it suitable for a high 
arch-dam construction; but on the right bank, the 
Meéraillet spur rises only gradually—after the 1,500 m. 
level the slope is only 12°—and the developed length 
of any envisaged structure increases considerably with 
the height. On the other hand the Méraillet spur 
allowed the construction of a large concrete dam 
and afforded suitable space downstream for site in- 


stallations. 
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an of the “dam in the gorge” 
Choice of Structure 
Hydrological studies gave the maximum capacity 
of the Roselend reservoir as 240 million cu. m. of 
stored water and this meant that the water level would 
be at an elevation of 1,573 m., or about 160 m. above 
the stream level. To put a gravity structure in the 
gorge would have involved a volume of 2:3 million 
cu. m. of concrete, making the cost prohibitive. 
Hence other structures needed consideration, and this 
was entrusted to the firm of Coyne and Bellier, the 
consulting engineers, who examined several projects. 
A buttress-type dam seemed satisfactory on the 
Meraillet spur but could not be extended into the 
gorge because of the immense difficulties of seating 
the buttresses on the very steep slopes below the 
1,500 m. level. A thin multi-arch structure was exam- 
ined and gave a certain gain in the volume compared 
with a hollow gravity structure and proved better in 
the gorge, but the difficulties encountered in this case 
were on the Méraillet spur, where the gravity struc- 
ture proved superior on account of the large batter 
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that would be required and the lack of symmetry of 
certain arches. Hence the complexity of the shapes 
needed would cause the shuttering to be very costly, 
and, above all, where the thin arches traversed the 
gorge, there arose the difficulty of finding suitable 
seatings for the piers on the steep flanks of the valley. 
For the closure of the gorge the problem could be 
solved by a large classical arch, 200 m. in span, but 
on the right bank this arch would not have a natural 
support for 75 m. of its height and it was difficult to 
find a position for an abutment of some 250,000 cu. 
m. of concrete capable of receiving the thrust of this 
arch. 

All investigations led to the adoption of a com- 
posite structure consisting of an arch dam across the 
gorge and a buttress dam across the Meéraillet spur. 
Across the 200 m. of the gorge, where buttresses 
would be impracticable, an arch has been thrown 
which lies in the same inclined plane as the resultant 
forces in the buttresses. Calculations of this inclined 
arch gave a maximum compression of 75 kg. per 
sq. cm. towards the base and a horizontal tensile 
stress of 25 kg. per sq. cm. at the intrados. These 
figures do not include thermal stresses. 

It was then decided to carry out investigations with 
models, and the design and research service of Elec- 
tricité de France built one to a scale of 6: 1000, made 
of rubber laminations. Jointing between the arch and 
supports was also of rubber so that the moduli of 
elasticity of rock and concrete could be assumed 
equal. The model was filled with water and readings 
taken by strain gauges, but conditions of similitude 
could not be wholly applicable on account of the dis- 
parity of the Poisson coefficients between concrete 
and rubber. Compression stresses reached 100 kg. per 
sq. cm. at certain points. Tests were then continued 
on plaster models by the Bureau A.C.J.B., on which 
loadings were made by means of jacks, and strains 
measured by strain gauges. The maximum values of 
stress were reduced to 80 kg. per sq. cm. compres- 
sion and 17 kg. per sq. cm. horizontal tensile stress. 
Tests were continued and improvements made until 
the horizontal tension was nearly eliminated. 

For economic reasons, an original plan of having 
a single reservoir of 240 million cu. m. capacity at a 
dam elevation of 1,573 m. was abandoned in favour 
of the three basins already mentioned. The latter 
solution also decreased the technical difficulties at- 
tached to the Roselend dam, reduced percolation 
through the Trias layer either to St. Guérin or La 
Gittaz and solved the problem of sand removal from 
the Ormente and Pontcellamont tributaries. 


The Dam in the Gorge 

Model Studies. Since the type of structure was now 
decided upon, a systematic study was made by means 
of two identical models for a reservoir level of 1,557 m., 
scaled down from the previous 1,573 m. level models. 
This lowering of level allowed now for a batter of 
1-05 instead of 0-75 for the slope limiting the arch at 
its upper end. Modifications on the downstream walls 
of the models were easy to carry out, whereas those 
on the upstream walls required longer time due to the 
effects induced on the loading arrangement. Such 
modifications were carried out that finally the maxi- 
mum compressive stresses were accepted at 75 kg. 
per sq. cm. at the bottom of the gorge near to the 
supports and 60 kg. per sq. cm. in the upper zone. 
The maximum deformation in the actual structure 
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reached more than 16 cm. at the summit of the key, 
taking the modulus of elasticity of concrete as 100,000 
kg. per sq. cm. 

Stress Analysis. The basic method of calculation 
used on this arch dam was that of independent arches, 
in conformity with Hooke’s law of arcs. This was 
also applied to determine the effects of the deforma- 
tion of the arch support on the right bank, the Mérail- 
let spur, which was susceptible to minute displace- 
ments under the hydrostatic pressure, causing para- 
sitic stresses arising from the dissymmetry of the 
structure. The model studies also showed the up- 
stream wall base to remain under compression while 
a maximum vertical tensile stress of 5 kg. per sq. 
cm. was reached at the 1,500 m. elevation. 

To obtain the stresses due to temperature effects, 
basic data were taken as follows. The average daily 
temperature was assumed to vary sinusoidally in the 
course of the year between +20°C. and - 10°C. 
Water temperature at the bottom of the lake was 
taken at 4°C. while the surface was considered to 
vary from 0°C. to 15°C. An assumption was made 
that all points in the same section reached the mini- 
mum temperature at the same time. Swelling effects 
of 1/10,000 were deduced from the lowering of the 
average temperature. These produced horizontal 
stresses of about 9 kg. per sq. cm. on the upstream 
side of the arch key and 20 kg. per sq. cm. on the 
downstream side. The modulus of elasticity was taken 
as 150,000 kg. per sq. cm., corresponding to the an- 
nual variations of temperature. 

Constructional Features. The lower part of the arch 
is treated in a classical manner from a constructional 
point of view. The radial joints, which are stable dur- 
ing all the phases of construction, divide the arch into 
blocks of 12°50 m. maximum width, the divisions in 
the upstream upper portion of the arch being equal. 
The joints, however, are not keyed at this level, but 
complementary joints are introduced to give the upper 
portion greater flexibility. The joints are waterproofed 
on the upstream side by a stainless-steel gutter fixed 
to the concrete by bolts and brackets and which can 
be periodically inspected. On the downstream side 


there is a rubber waterstop. 


A 3 m. diameter gallery, 3 m. from the upstream 
wall, and two descending shafts, are used for drain- 
age and inspection. Vertical drains, 30 cm. in 
diameter, open out into the gallery, and water drained 
from the vicinity of the bank is led through con- 
crete pipes to the downstream side. Grout curtains 
go to a depth of 100 m. vertically under the dam in 
the gorge and under the Meéraillet dam at an inclina- 
tion of 15°. These curtains are reinforced by two 
auxiliary curtains under the arch and by one under 
the buttresses. 

At elevation 1,432-50 m. there are two bottom out- 
lets on the axis of the dam, each of 1-50 m. diameter, 
which can be closed on the downstream side by but- 
terfly guard valves of 1-70 m. diameter followed by 
hollow-jet regulating valves of 1-30 m. diameter allow- 
ing a maximum flow of 45 cu. m. per sec. On the 
upstream side the bottom outlets are protected by a 
trashrack tower, and when the water level is below 
the ceiling of this tower, stoplogs can be inserted to 
dewater the butterfly valves. 

The intake to the supply tunnel is situated in the 
left bank of the reservoir and is protected by fixed 
steel screens. Admission of water to the tunnel is 
controlled by two butterfly valves of 3-50 m. diameter 


WATER POWER January 1961 











g'o57 





DRAINS-, >! 














Pn! > Ware VASAASE SS ss — 


INSPECTION AND DRAINAGE GALLERY 











PROVISIONAL DRAINAGE 





7 “ANCHORS 
SUPPLEMENTARY GROUT CURTAIN 


SECTION C.C 


CURTAIN 
rae 







| PLAN VIEW CUT-OFF AT 1558:5 




















oO 








_ SECTION A.A. _ 





i 














SECTION B.B. 


“a 




























NV INSPECTION AND 
DRAINAGE GALLERY 


NTHE AXIS OF 
THE SITE 


HORIZONTAL SECTIONS 


Fig. 6. Sections through typical buttresses of the Méraillet dam 


placed in separate chambers for safety reasons. In 
view of the capacity of the bottom outlets and the 
volume of the basin as compared with the relatively 
small catchment area, a floodwater discharge arrange- 
ment has not been considered necessary. 

Detailed examination by means of sounding de- 
vices is envisaged on the arch dam and any of the 
heavily loaded elements of the Méraillet dam. The 
installation of pendulums in the 80 cm. diameter 
vertical drains in the neighbourhood of the expansion 
joints of the Méraillet dam is also contemplated to 
determine the displacements of the structure. 


The Meéraillet Dam 

Model and Stress Analysis. Detailed studies were 
carried out on the buttress structure of the Méraillet 
dam, both technically and architecturally, in the 
offices of Coyne and Bellier, the consulting engineers, 
and MM. Marty, the architects, and were concen- 
trated upon obtaining buttress shapes of the utmost 
simplicity. 

From the early stages prismatic-headed buttresses 
with a span of 20 m. were decided upon. Since the 
buttresses of this dam extend across the Méraillet 
spur, the elevations of which vary along the length of 
the dam, the hydrostatic pressures on the buttresses 
will differ so that where this pressure is weaker a 
lesser buttress thickness is acceptable and in fact de- 
sirable in regard to the gain in concrete. Buttress 
widths of 5-50 m. were then envisaged at elevation 
1,560 m. and 7-50 m. at elevation 1,500 and below. 

Having decided on the form of head and the thick- 
nesses of the buttresses, the stability of the structure 
had to be considered. The ground had a steep slope 
upstream, which made a large batter difficult to con- 
nect with the foundations. The solution finally ac- 
cepted was 0°75 for the downstream batter and this 
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enabled a satisfactory support to be achieved. Hooke’s 
law was applied to obtain the vertical stresses, which 
determined the pyincipal stresses by resolving the 
equilibrium equations on the horizontal and the ver- 
tical lines. A maximum shearing stress of 11-9 kg. 
per sq. cm. was reached at the toe of the downstream 
wall. This was half the compression stress along the 
wall. 

Another investigation was carried out on the effects 
of earthquakes. For calculation, the ratio between the 
horizontal acceleration and the acceleration due to 
weight was taken as 0-1, corresponding to an earth- 
quake of intensity 8. The Westergaard formula was 
used to determine such effects as the hydrostatic pres- 
sure, and showed that the batter at 1,500 m. level need 
not exceed 0-70. 

Design. The upstream face of the dam consists of 
32 buttress elements, which are of the same shape 
except for the elements connecting the dam with the 
spur sides. Each element is 20 m. long, 9 m. thick at 
the buttress and 3 m. thick in the region of the ex- 
pansion joint between two neighbouring buttresses. To 
make the connections watertight, the surface of the 
joint is covered with a sheet of gutta-terna and two 
2 mm. copper sheets in the form of a Z. A network 
of horizontal drains, made up of half-pipes 30 cm. 
in diameter placed at intervals of 2°50 m. along the 
joint, is connected to a vertical drain of 80 cm. dia- 
meter situated immediately downstream of the water- 
proofing sheets. The vertical drains lead into the main 
drainage and inspection gallery situated in the vicinity 
of the foundations. This gallery also collects the rain- 
water falling on the catchment area upstream of the 
Méraillet spur. Near the foundations the upstream 
face becomes a stringer of a uniform width of 9 m., 
and this helps with the weight distribution of the 
structure and with watertightness. The foundation of 
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the stringer is continuous and is independent of the 
various buttresses. The foundation along the axis is 
either inclined upstream or is horizontal. On the 
upstream half of the wall thickness, that is for 4-50 
m., the seating is horizontal. The downstream side 
of the foundation is inclined at a maximum of 45 
towards the upstream side. 

In addition to the joints between buttresses, each 
buttress is provided with construction joints 15 m. 
apart and parallel to the downstream face. These 
joints are provided with serrations to transmit the 
shear forces, and after they have been opened by 
the contraction of the concrete they will be grouted. 


Construction Methods for the Roselend Dam 
Being at an altitude of 1,550 m. the Roselend dam 
is subjected to severe weather conditions. Alternating 
periods of freezing and thawing occur frequently even 
during the winter, when zero isotherm moves be- 
tween altitudes of 1,000 m. and 2,000 m., giving maxi- 
mum temperatures of 10° to 15°C. and minimum of 
10° to — 15°C. during January and February. Such 
severe conditions led to a 
study to improve the frost 
resistance of concrete, 
and the Regional Labora- 
tory was given the task 
of defining the concrete to 
be used. Test pieces were 
made and subjected to 
cycles of freezing and 
thawing and the follow- 
ing was agreed upon: 
Cement: The cements 
containing more slag were 
more suitable, and Port- 
land iron cement proved 
more resistant to frost 
than the pure variety. The 
heat of hydration was 
limited to 65 calories per 
gram at seven days. 
Ageregate: The use of 
a quarry and a crushing 
plant at the dam site was 
really a necessity. The 
other method of utilising 
the alluvium from the 
River Isére was aban- 
doned on account of the 
excessive cost of trans- 
portation. The quarry site 
was chosen on account of 
the existence of very suit- 
able banks of gneiss. 
Furthermore, as there is 
no sand in the vicinity, it 
was obtained by grinding 
the gneiss. This sand 
should be of a size not 
less than 100 microns or 
it would impair the frost- 
resisting qualities of the 
concrete. A continuous 
granular mixture was 
finally specified giving an 
average concrete density 
of 2-56 tons per cu. m. 
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The quarry extends for a length of 700 m. and is up 
to 30 m. in height. Some 50,000 to 60,000 tons are 
exploited in a single blast and drilling is effected by 
means of a “down-the-hole” type of rig whereby 
tubes convey the compressed air down to the hammer 
drill in the hole. The broken rock is then collected by 
Lima shovels of 3 cu. m. capacity and transported 
in 20 ton trucks to two Allis-Chalmers primary 
crushers with a capacity of 600 tons per hour. This 
precrushed aggregate is then carried by conveyor belt 
and tipped into a primary stock of some 10,000 tons 
near a tunnel for rehandling. The secondary crush- 
ing plant includes two parallel reduction chains for 
an output of 300 tons per hour and is designed to 
permit recycling operations at different levels and 
variable proportions. Rotoclone suction appliances 
ensure the dedusting of the whole of the installation. 
The sand-producing plant near the secondary crusher 
is of 600 h.p., and because of the importance of the 
cleanliness and grading of the sand, it is provided 
with two Rheax hydraulic separators to eliminate par- 
ticles of less than 0-1 mm. size. 


Fig. 7. Night construction in progress on Roselend dam 
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Fig. 8. Plan of St. Guérin dam, together with a section on the line of the scour culvert 


After being screened the aggregate is classified into 
six categories: 0-1-1, 1-2-4, 4-6-4, 64-18, 18-60 and 
60-160 mm.—and stocked in steel silos of 9,200 cu. 
m. total capacity. The cement is provided by Société 
Ardelor from the Teil cement works in the Rhdéne 
valley, from where it is transported by railway to 
Albertville, 32 km. away from Roselend, and then 
carried by 20-ton trucks to the dam site, for storage 
in four steel silos of 2,000 ton capacity. The concrete, 
with a proportion of 225 kg. per cu. m. of cement, 
is made in three Fourray concrete mixing towers 
equipped with Nordest type T.B. 2500 mixers. Each 
tower has a productive capacity of 90 cu. m. per 
hour at the rate of 20 mixes an hour. Two 10-ton 
blondins with oscillating masts convey the concrete, 
which may also be handled by a battery of Weitz 
cranes circulating on a steel passageway. Concreting 
is carried out in layers of 50 cm., the height of the 
lifts being fixed at 250 m. A delay of 72 hours is 
imposed between two consecutive lifts. 


St. Guérin Dam 

St. Guérin dam is a thin-arch structure with a spill- 
over crest at levei 1557-50 m., forming the reservoir 
of St. Guérin, and is built across the Pontcellamont 
tributary. It is also equipped with two bottom outlets 





Power Equipment in Europe 


The Thirteenth Survey of Electric Power Equip- 
ment, relating to the year ended January 1, 1960, has 
just been published by OEEC. Hydro plant to a 
total capacity of 3,000 MW was installed in member 
countries in Europe in 1959, and a rate of 4,000 
MW per annum was envisaged for each of the years 
1960, 1961 and 1962, corresponding to about 7:°5% 
of the total capacity at the end of 1960. It is ex- 
pected that in later years this rate of growth will drop 
to 5 or 6% as the more favourable sites become built 
out. 

Deliveries of waterwheel alternators reached a re- 
cord figure of 5,323 MW, representing an increase 
over the previous year of 382 MW. This increase was 
due to the additional shipments to non-member coun- 
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similar to the Roselend dam, which can pass a maxi- 
mum of 12-5 cu. m. per sec. each. The St. Guérin 
reservoir is connected to the Roselend reservoir by a 
tunnel joined to the supply tunnel. This is concrete 
lined, having a diameter of 2-30 m., and is about 1,200 
m. long. It passes completely through crystalline 
schist on the left bank of the Pontcellamont. The tun- 
nel has two geared gate valves, one for shut-offs and 
emergencies and the other for regulation. The junc- 
tion with the supply tunnel is effected by an inclined 
shaft of horseshoe section, and having a diameter of 
2:30 m. A vertical shaft allows for deaeration. 

The dam is self-stable when empty and its principal 
characteristics are as follows: 


Height above the foundation 70 m. 

Height of arch above the feet 54 m. 

Thickness of arch at crest 3:10 m, 

Developed length at crest 250 m., radius 116-66 m. 

Thickness of structure at eleva- 
tion 1,500 m. 

Concrete volume 


12 m. 
65,000 cu. m. 


The La Gittaz dam is still in project form and 
there is no detailed information other than that 
already given. 

(To be continued) 


tries, which rose by 430 MW to 2,187 MW. Order 
books at the beginning of the year envisaged delivery 
during 1960 of 5,864 MW—an increase of 541 MW 
—but total orders on hand dropped from 14,377 MW 
to 13,159 MW. 

Water-turbine deliveries amounted to 6,801 MW— 
an increase of 1,138 MW—but it was expected that 
deliveries during 1960 would drop by 893 MW to 
5,908 MW. Total orders on hand fell from 17,022 
MW to 14,295 MW. 

In the field of power transformers deliveries 
dropped by 7,888 MVA to 51.427 MVA, but new 
orders, exceeding actual deliveries by 6,959 MVA, 
totalled 58,086 MVA. The total orders for delivery 
during the next four years rose from 76,911 MVA to 
83,570 MVA. 











Hydraulic Jump in Trapezoidal Channels 


The author presents an approximate solution based on 
an equation similar to that proposed by Elevatorski, 
but derived in a different way 


By M. H. DISKIN, B.E., M.Sc., A.M.I-E.Aust.* 


EPORTS of experiments on the hydraulic jumps 
Rin non-rectangular channels':** indicate that 

the conjugate depths of the jump, as measured, 
agree quite closely with theoretical values derived by 
the momentum equation. The computation of the 
theoretical conjugate depths, however, is a tedious 
process which involves a graphical solution* or suc- 
cessive approximations. The method presented in 
this article is based on an equation similar to that 
proposed by Elevatorski’ but derived in a different 
way. An exact solution is obtained for channels hav- 
ing an exponential relationship between the area and 
the depth of flow, such as rectangular, parabolic or 
triangular channels, and an approximate solution for 
trapezoidal channels. Tables and graphs are presented 





and dividing both sides by h, =(A,/B,): 

(h,./h.) (h,/h,) (A./A,)- (o,/hy) Te 

| -(A,/A,) ? Pa" vie Oe 

where F,=(Q°B,/gA,*)! =V,/(gh,)' is the initial 

Froude number. (Note that this d2finition is different 

from the definition usually given V/(gh)! since the 

latter does not give a value of unity for the critical 
Froude number in non-rectangular channels). 

A similar expression is obtained if equation (2) is 
solved for the Froude number after the jump: 

(hya/hz)~ (hy Jh,) (hy/hy) (A\/A,) 

(A,/A,)= I uf ... ) 

The three equations (2), (4) and (5) define the rela- 

tionship between the variables of the hydraulic jump, 








~san 











Fig. 


for the conjugate depths ratio as a function of the 
initial Froude number of the flow for various expo- 
nential channels. A table and a graph permit the 
selection of an appropriate value of the exponent for 
trapezoidal channels and hence the determination of 
the conjugate depth ratio. 


The Momentum Equation 

The momentum equation for the hydraulic jump 
is based on two assumptions: (i) uniform velocity 
distributions, and (ii) hydrostatic pressure distribu- 
tions in the two sections where the conjugate depths 
are measured, just before and just after the jump. 
For a prismatic horizontal channel of any cross sec- 
tion (Fig. 1), the momentum equation may be written 
ast: 


yo, A, -yhy, A,=" Q(V,-V,) . @) 








or: 

> ef Ie ) 

Igy Ay— lin, A, “(7 z) . 2) 
rearranging: 

hy, (A,/A,)—Ay, _ Q’ (3) 

1-(A,/A.) 2A,’ oe 








* Acting Head, Hydraulic Laboratory of the Technion, Israel. 


+ The nomenclature is listed at the end of the article. 
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and any of them may be used for the solution of the 
jump. The solution for the conjugate depths for a 
given discharge, however, could be carried out only 
by successive approximations or by graphical means. 


Solution for Exponential Channels 

An exponential channel is defined here as a pris- 
matic channel for which the relationship between the 
area A and the depth of flow A, for any cross section 
(Fig. 2), could be expressed by an exponential equa- 
tion of the form: 


A=k h" . (6) 
The top width B of such a channel is: 
44 ng yp 
B dH nkh ~ 
and the mean depth (h=A/B) is: 
: l 
h-= (;) . (8) 


The depth to the centre of gravity (h,) of the sec- 
tion is given by (see Fig. 2): 


I h 
A (h-h)= | yl ay=[" y(n k y"™") dy 
oO ) 


( 


Pm ntl 

~ n+1 

ee ee 
hence: h,=h A oe ie =a aot h 
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or: 
h, h a in 
" rs 
Substituting equations (6), (8) and (9) into equation 
(4) the following explicit equation is obtained for the 
conjugate depths ratio: 


(; =) (7) G:) (5; 
'- (jt) 
» GE [GY 4 
n+l (2) - i 


the equation obtained is similar to that derived by 
Elevatorski in a different way. 

If the value of the exponent nm for the channel cross 
section is known, the last equation may be solved by 
assuming values of the depths ratio 4,/h, and comput- 
ing corresponding values of the initial Froude num- 
ber. For large values of the initial Froude number. 
for which (A,/h,)" is much > 1, the last equation may 
be approximated by: 


F 


or: 


F.2... (10) 
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n+l li | we -- (ID 
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7) 
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Solution for Rectangular, Parabolic and Triangular 

Channels 

The relationship between the cross-sectional area 
and the depth of flow for rectangular, parabolic and 
triangular channels (Fig. 3) may be expressed by ex- 
ponential equations similar to equation (6) where the 
value of the exponent is 1-0. 1-5 and 2-0 for the three 
channels respectively. The equations relating the 
conjugate depths ratio to the initial Froude number 
for these channels are obtained directly from equa- 
tion (10). Thus for a rectangular channel: 


1 (h./h,) [(h,/h,) a 1 


r= 4 ea 
=F ~~ @Jh,)- 1 —_ 
or 
Fr : (h./h,) ((h./h,)+ 1] . (14) 
the solution of which is 
(h./h,) a 14 /1+8 F,’) . (IS) 
for a parabolic channel 
»_ 3 (A,/h)'? [(h,/h, PY? - 
a 5 (h./h,)'? - 1 - (16) 
and for a triangular channel 
22 (hah (hh, a 


' 7 (h./h,) - 1 

Numerical solutions of these equations, relating the 

conjugate depths ratio h,/h, to the initial Froude 

number for the three channels described above, are 

included in Table III and a graphical description of 

the relationship is included in Figs. 7 and 8. under 
the respective values of the exponent n. 


Solution for Trapezoidal Channels 
The relationship between the cross-sectional area 
A and the depth of flow A for trapezoidal channels 
(Fig. 4) is given by 
A=hb+ mh* —: 
which may also be written non-dimensionally as 


—— : 4 3) 9 
b 9, b - (19) 


The equations are not exponential, but if values 
computed by the equations (Table I) are plotted on 
log-log paper (Fig. 5), it is seen that the lines obtained 
may be approximated over fairly wide ranges by 
straight lines, the equations of which are of the form 


A : h n 
Be A () .-» (20) 


The value of the exponent nm, which is equal to the 
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A=: bh+mh’ 
Fig. 4 


slope of these lines, must be in the range: 
10<n<2-0 vow Mean) 
the limits of the range being the values of the expo- 
nent for a rectangular section (n=1-0) and for a 
triangular section (m=2-0). 
The value of the exponent n at any point may be 
obtained by combining equations (19) and (20): 


h\" } h\? 
k (;) - (G) +m () ive Ca) 


TABLE II].—VaLues oF F, 


h./h, | n=10 1:2 1:4 

1-0 1-000 1-000 1-000 

1-2 1-149 1170 | 1-190 

1-4 1-296 1-340 1-390 

16 | 1-442 1-510 1-582 
rs 1587 | 1:70 1:79 

20 | 1-732 1-86 2-00 

22 1-876 2-04 2-21 

24 2-02 2-20 | 2-43 

2°6 2°16 2:40 2:64 
2:8 2:31 | 2-58 2:88 | 
3-0 2-45 2-76 311 

3-5 2-81 3-22 3-68 

40 | 316 368 | 4-29 

45 | 3:52 | 4-15 | 4:89 
50 | 337 | 464 | 553 | 
+S | 4:23 5-13 | 6°15 
6-0 | ase 555 | 680 | 
70 | 5-29 6°57 | 8:16 

8-0 | 6-00 | 7:55 | 9-45 | 
9-0 6-71 8-52 10°92 | 
1 | 7:42 9-61 | 12°31 

15 10-95 14-89 19-9 | 
20 14-49 | 20-25 | 280 | 
25 18-03 | 25:8 368 




















06 0-8 10 


(44) 


Fig. 5 


40 60 8010 


and differentiating the last equation with respect to 
the ratio h/b 


1:5 


1-000 
1-201 
1-410 
1°63 
1:85 
2-08 
pag 
ye 
2-80 
3-03 
3-29 
3:94 
4°61 
5°30 
6°00 
6°75 
7°50 
9-05 
10°60 
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ps 
nk G) =1+2m (G) . (23) 
1-6 | 18 2-0 
1-000 | 1-000 | 1-000 
1-212 1-245 1-260 
1-440 1-485 1-541 
1-67 1:75 1-84 
1-90 | 2-03 2-16 
2-14 | 2-31 2:49 
2-40 | 2-62 2:85 
2-66 | 2-92 3-22 
294 | 3-25 3-60 
322 | 3-60 4-00 
3-50 3-94 4:42 
4-21 | 4-82 5-51 
498 | 5-80 6-69 
5-75 | 6-79 8-13 
658 | 7-85 9-28 
7400 8-91 | 1136 
89 = | 1001 12:14 
10-1 12-3 | 1-2 
11-9 14-9 | 186 
13-8 17:7 |} 222 
15-9 20:4 | 25-9 
26:8 35-6 | 47-5 
38-6 53:3 } 731 
51-5 72-6 | 102-0 
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Fig. 6 
Solving for the value of n: 
1+2 m (h/b) 
= . (24) 


k (h/by 
and using equation (22 
1+2 m (h/b) 





h,=0-20 m.; B,=2-00 m.; A,=0-32 m.’ 
F= Gea me 


9-80 x 0-32° 
h, _ 0°20 _ 
> 120 0-167 


The value of n for h,/b=0-167 in the given chan- 
nel is obtained from Table II. The table gives, for a 
channel of side slope m=2, a value of n=1-23 for 
h/b=0°15 and n=1-29 for h/b=0-20. For the given 
value of h,/b=0-167 the approximate value of the 
exponent is n= 1-25. The value of h,/h, for this value 
of n and for F, =6-24 is about 6 (Fig. 8), and the value 
of n for h,/b=6 x 0-167=1-0 is again obtained from 
Table II from column headed by m=2, giving n= 
1-67. 

The mean value of 7 in the range of h/b values in 
question is 4 (1:25 + 1:67)=1-46. 

For this value of n and F,=6:24, Fig. 8 gives a 
value of h,/h,=5:4. The approximate conjugate 

















- 2 . (25) depth is therefore h,=5-4 x 0-2=1-08 m. 
2 1 2 
(A/D) + me OY) Cid) For comparison it should be noted that the exact 
or ‘ value of h, computed by equation (4) using successive 
_1+2 m (h/b) _ (26) 4PPproximations is: 
1+m (h/b) h,=1:16 m. 
ey 1“ NOMENCLATURE 
4 | x A —cross sectional area of flow. 
A b —bottom width of trapezoidal 
\% section. 
20 B —width of section at the water 
: surface. 
= F —Froude number, F= 
les = (O?B/gA*)s. 
g —acceleration due to gravity. 
| h —depth of flow. ~ 
. h —mean depth of flow, h=A/B. 
h,—distance of centre of gravity of 
r section below the water surface. 
k —value of constant in exponen- 
i > 3 —s ' 7 7 tial equation for area. 
OB / —width of section at any height 
E 1 y. 
F- oA: m —side slope of trapezoidal chan- 
oe nel. 
Fig. 7 n —value of exponent in exponen- 


The solution of the last equation is given for trape- 
zoidal channels of various side slopes m as a func- 
tion of the depth ratio h/b in Table II, the data are 
also shown graphically in Fig. 6. 

With the information given about values of the 
exponent n it is possible to obtain an approximate 
solution for the jump in trapezoidal channels by 
estimating the value of the exponent n in the range 
of depths in question, and then solving equation (10). 
To facilitate the solution of equation (10), Table III 
and Figs. 7 and 8 were prepared. The table and dia- 
grams give the relationship between the conjugate 
depths ratio h,/h, and the corresponding initial Froude 
number F, for various values of the exponent n in 
the range n=1-0 to n=2:-0. 


Numerical Example 

The use of the tables and diagrams presented in 
this article will be best illustrated with reference to 
a numerical example: Water flows in a given trape- 
zoidal channel (b=1:20 m.; m=2-0) at a depth 
of 20 cm. and a discharge of 2:50 cu. m. per 
sec. It is required to find the depth after the jump. 
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tial equation for area. 
(Continued on page 22) 
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Fig. 1. Stornorrfors buttress dam concreted with the aid of sliding forms 


Sliding Forms for Concreting 


The use of sliding forms for the construction of walls, shaft 

linings, dams and other structures associated with hydro- 

electric developments can effect important savings in cost 
and in time 


By GUNNAR PIRA* 


ROBABLY in few fields is concrete construction 
oe on such a large scale as in hydro-electric 

engineering. Concrete costs therefore form an 
important item in any water-power development, and 
any means of reducing these costs without prejudice 
to the final result can have a significant effect on the 
economics of a scheme. 

In concrete construction the cost of formwork is 
generally very high, and it is not surprising that for 
many years various methods have been tried to reduce 
the cost. A common procedure is to use movable 
forms, of wood or of steel. which can be used several 
times, a typical example being the climbing shutter- 
ing now normally used in dam construction. An alter- 
native method is to face the dam or other structure 
with precast concrete sheets or blocks which thus act 
as shuttering as well as constituting part of the per- 
manent structure. 

For several decades efforts have been made to use 


* Chief Engineer, Civil Engineering Department, Swedish State Power 


Board. 
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sliding forms raised by means of screwjacks as con- 
creting progresses. but it has been found that the speed 
of sliding obtainable does not keep pace with the 
hardening of the concrete, that it is difficult to main- 
tain a uniform sliding movement of the form at all 
points, and that a considerable labour force is re- 
quired. In consequence, this method has never met 
with general acceptance. 

Within recent years, however. the sliding form has 
been given an entirely new lease of life by the intro 
duction of a Swedish “Concretor” method in which 
the forms are raised by hydraulic jacks. This virtually 
eliminates the drawbacks enumerated above, and 
sliding-form construction by this method is not only 
being used widely by the Swedish State Power Board 
but is being adopted increasingly for structures of 
other kinds, such as silos, water towers, and concrete 
houses, and by concrete constructors in other coun- 
tries. 

The type of structure for which this method of 
fabrication is particularly suitable is a monolith of 
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Fig. 2. Arrangement of a sliding form for concreting 
a wall 


considerable height with few or no interruptions to 
its vertical surfaces and with an unchanging horizon- 
tal cross-section. Obvious examples in underground 
power stations are the lining of access shafts and 
vertical pressure shafts and the construction of 
machine-hall walls, and a number of such structures 
built by means of sliding forms are already to be 
found in Swedish power stations. 

The difficulty of applying this system to the con- 
struction of dams is obvious in view of the fact that 
the cross section diminishes progressively as the height 
increases, but this has been surmounted by the de- 
velopment of self-adjusting shuttering which follows 
the change in section. Several buttress dams have been 
built wiih sliding forms by the Swedish State Power 
Board, and the system has even been developed to 
the point at which it has been applied to the construc- 
tion of a double-curvature arch dam. Such a dam is 
now being built for the Board by Nya Asfalt AB at 
Vargfors, and has already been described in this 
journal*. 


The Sliding-Form Method 

The sketch reproduced in Fig. 2 shows the system 
applied to the construction of a concrete wall, and 
will make the principle of operation clear. 

The form itself. which may be either of wood or 
of steel, is about 1:2 m. high and is suspended by 
means of yokes on a number of hydraulic jacks which 


* “Building an Arch Dam with S'ipforms.”’ By Bo Broms, Carl Cappe 
and Stig Nerell. WATER Power, July 1960, p. 269 
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Fig. 3. Section through an underground machine hall, 
the walls of which have been cast with the aid of 
sliding forms and which support the crane runways 
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Fig. 4. Method of placing an anchor bracket support- 
ing the machine-hall wall shown in Fig. 3 
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Fig. 6. Sliding form for lining an underground lift shaft 
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climb up vertical smooth steel 
rods about 25 mm. in diameter 
which are placed on the centreline 
of the wall. Oil under pressure is 
fed from an electrically driven 
pump to these jacks, which then 
rise simultaneously and uniformly. 
The vertical slide rods are not 
embedded in the concrete, but 
over the region where the concrete 
has not yet set they are protected 
by a length of steel pipe which is 
coupled to the jack and rises with 
it. Thus the hardened concrete is 
clear of the rod but is sufficiently 
near to support it against deflec- 
tion. In this manner the entire 
weight of the form is carried by 
the rods, and the newly set con- 
crete has only to support its own 
weight. As concreting progresses, 
the slide rods are lengthened by 
means of screwed extension pieces, 
and may be removed at the con- 
clusion of the job. 

The entire lifting operation, 
including the fixing of extension 
pieces to the slide rods, can be 
supervised by one man. The dis- 
tance covered at each lift ranges 
from 10 mm. to 25 mm., and slid- 
ing rates up to about 0-5 m. per 
hour can be obtained. The con- 
sistency of the concrete and the 
time interval between lifts must 
be so chosen that the concrete 
does not stick to the form, and the 
overall sliding rate must be ad- 
justed so that the concrete emerg- 
ing from the bottom of the form 
has hardened sufficiently to sup- 
port its own weight. Normal con- 
crete will have reached this stage 
in four to five hours, which cor- 
responds to a sliding rate of 6—7 
m. in 24 hours, but for practical 
reasons the rate actually adopted 
is considerably less than this. 


Practical and Economic Advan- 
tages 

The use of sliding forms offers 
some important practical and 
economic advantages. Concreting 
proceeds continuously, so there is 
no possibility of trouble due to 
“cold” joints, and in building a 
dam the problem of obtaining a 
sound junction between successive 
lifts does not arise. Again, the 
finished surface of the structure 
is smooth and free from shutter 
marks. 

An important consideration is 
the saving in time, which may be 
considerable. The speed of the 
actual concrete placing may be 
regarded as being roughly the 
same ifrespective of the type of 
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formwork used, but with sliding 
forms the time occupied in setting 
formwork is reduced to that 
needed to erect the sliding form: 
the loss of time incurred in sirip- 
ping and re-erecting climbing 
shuttering and scalping the sur- 
face when the concrete is placed 
in a series of lifts is eliminated; 
the time occupied in placing rein- 
forcement can also be taken out 
of account as this operation can 
proceed while concrete is being 
placed. 

This time saving results in a 
proportionate reduction in cost, 
and further cost savings arise from 
the elimination of normal shutier- 
ing and of the labour required to 
set it. At current Swedish wage 
rates normal formwork on hydro- 
electric projects costs 40-50 kr. 
per sq. m., whereas the price for 
sliding forms is 15-20 kr. per 
sq. m. 

The foregoing comparisons 
nevertheless, do not present the 
complete picture. To obtain the 
utmost benefit from sliding forms 
the structure should be designed 
with this method of construction 
specificaliy in mind, as in many 
cases it is possible to design a 
more economical structure than 
could be built with normal shut- 
tering. 

An example of this is to be 
found in the walls of underground 
machine halls. A typical construc- 
tion with normal formwork is to 
erect substantial pillars at inter- 
vals along each side of the hall to 
carry the crane runways, the 
spaces between the pillars being 
filled in with light concrete or 
other material. By using sliding 
forms a thin concrete wall of un- 
broken contour can be made of 
sufficient strength to carry the 
runway, resistance to buckling 
being afforded by reinforced-con- 
crete brackets tieing the wall to 
the sides of the rock excavation. 
Fig. 4 shows how sliding forms 
have been adapted to this pur- 


se. 

Walls of this kind have been 
constructed at the State Power 
Board’s Stornorrfors and Umlus- 
pen underground stations on the 
river Ume. At Stornorrfors the 
walls are 0-35 m. thick and 17 m. 


high, and the saving in cost as compared with that Sliding forms are particularly advantageous in the 
of the normal pillar construction was no less than lining of deep access shafts. lift shafts, and vertical 
250,000 kr. The walls at Umluspen are 0-30 m. thick penstocks. The lift shafts at Ligga and Stornorrfors 
and 12 m. high, the saving being 50,000 kr. Fig. and the penstocks at Stornorrfors were lined in this 
3 is a sketch of the arrangement at Umluspen, way, and the arrangement for lining the Siornorrfors 
and various views of the work are given in Figs. 4, lift shaft, which is typical of that generally adopted, 


5 and 7. 
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Fig. 7. Umluspen machine hall under construction, showing the waiis 
cast with sliding forms 


Fig. 8. Concreting the buttress dam at Stensele with sliding jorms 


is sketched in Fig. 6. 
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Fig. 9. A buttress of Langbjorn dam built with 
sliding forms 


Sliding Forms for Dams 

Sliding forms have lately been used even for con- 
creting structures with certain sides pitching and 
other sides vertical. The vertical sides of the buttress 
dam between the spillway and the earth dam at 
Langbjérn were concreted with the use of sliding 
forms, a conventional form being used for concreting 
the pitching ides (Fig. 9). The work consisted of con- 


creting five T-shaped monoliths, 24-32 m. high and 


Riva-Calzoni. An attractive catalogue has been issued 
by these two firms to draw attention to their water 
turbines and speed governors, pumps for water stor- 
age, gates and sluice valves, oleo-dynamic and hydro- 
dynamic drives, hydraulic couplings, machine tools 
and industrial machines. The entire text is in English 
and describes with the aid of illustrations (many of 
which are coloured) the various items coming under 
the above headings. 


Hydraulics Investigations. The September 1960 issue 
of Research and Application, a leaflet circulated by 
Wimpey Central Laboratory, Springfield Road, 
Hayes, Middlesex, gives reference to numerous model 
investigations being carried out in the hydraulic field. 
Of interest are the recent tests undertaken on behalf 
of the North of Scotland Hydro-Electric Board for 
their Strathfarrar and Kilmorack Project. Models 
have been constructed to examine pressure tunnel de- 
sign and head loss at the proposed Culligran tunnel 
intake and vortex phenomena. The consulting en- 
gineers on this project are Sir William Halcrow and 
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with a 10:6 pitch of the downstream side. It took 
twelve working days to complete one monolith, this 
time including erection of the sliding form, placing 
of reinforcement, casting of concrete and dismantling 
of equipment. The time saved in comparison with 
that used for concreting with a conventional form 
amounted to about 80%. 

The buttress dam at Stornorrfors (Fig. 1) with eleven 
13-17 m. high monoliths was concreted in a similar 
manner. The downstream pitching sides of two 13-17 
m. high monoliths at Stensele (Fig. 8) were concreted 
with the use of sliding forms. Horizontally placed hy- 
diaulic jacks were attached to the pitching form in 
such a manner that the required pitch and horizontal 
movements were obtained. The required pitch move- 
ment was in this case obtained through the movement 
of the supporting equipment. The form surface itself 
consisted of loose boards placed horizontally against 
the dam. As the concreting progresses in tempo with 
the upward movement of the supporting equipment 
set at the desired pitch, the bottom boards become 
free and are continuously replaced at the top. 

An arch dam at Vargfors was designed by the 
owner, the Swedish State Power Board, in such a way 
that in case the contractors, Nya Asfalt AB, should 
give a favourable bid for a sliding-form dam con- 
struction, the work could be performed without any 
change of design. Considering this, the upstream side 
of the dam was designed vertical and the downstream 
side pitching except for the top portion, which was 
made vertical. The sliding-form alternative was 
accepted as the price was very favourable—about 
70% of the price for concreting with the use of con- 
ventional forms. The form surface was in this case 
made as an integral part of the moving equipment 
and the form was used not only for concreting the 
pitching side but also for the transition section 
where the pitching portion changes into a vertical 
run at the top of the dam. As the monoliths are also 
arched horizontally the slipform was used for con- 
creting a two-way arched surface. This new method 
proved very successful, and, as far as we know, the 
Vargfors dam represents the first time sliding forms 
have been used for concreting structures where the 
sides have had both a uniform and a variable pitch. 





Partners. Other investigations are being conducted on 
spillway designs, head regulators and weirs by means 
of simple two-dimension flume models. 


From page 17 

OQ —discharge. 

V —mean velocity of flow, V=Q/A. 

x —horizontal co-ordinate in cross section. 

y —vertical co-ordinate in cross section. 

y ~—Sspecific weight of water. 
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The Middle Snake 


River Controversy 


The author discusses the implications of the controversy 
over the conflicting Nez Perce and High Mountain Sheep 
projects in the US Pacific Northwest 


By M. E. MARTS 


OR the second time within a decade the Snake 

River basin in the US Pacific Northwest is the 

centre of a major controversy in the development 
of water resources. Ten years ago a bitter struggle 
arose Over two conflicting proposals to develop the 
Hells Canyon stretch of the Snake River. Essentially 
it was a conflict between a plan to build a high dam 
at Hells Canyon to provide approximately 4,000,000 
acre ft of storage and a plan to construct three smail 
dams—Brownlee, Oxbow and Low Hells Canyon— 
which together would provide about 1.000.000 acre ft 
of storage. Long, protracted hearings were held by 
the Federal Power Commission and in various Con- 
gressional committees. Eventually, in August 1955, 
the Idaho Power Company was granted permission to 
proceed with construction of the three-dam plan. The 
Brown‘ee and Oxbow projects are now nearing com- 
pletion, and the Low Hells Canyon project should be 
operating by 1964. 

The decision in favour of the three-dam plan was 
an extremely important one. It signified the with- 
drawal of the Federal Government from its previously 
aggressive role in Columbia River power development 
and it was the first major test of the Eisenhower 
administration’s “partnership policy.” Under this 
policy locally managed power development was pre- 
ferred to federally managed development. This local 
orientation compounded the difficulties of implement- 
ing regional river-development plans. Although the 
licence was granted in 1955 and construction began 
immediately, the controversy continued in Congres- 
sional debates, political campaigns and elsewhere. The 
continuation of the conflict reflects the importance of 
major storage for the regulation of the Columbia 
River and its tributaries, both for power and flood 
control, and the relative scarcity of available large 
reservoir sites. 

Fresh controversy has arisen in the Snake River 
basin and once again it concerns two conflicting pro- 
posals to develop the river. As in the Hells Canyon 
case, the decision will have profound significance for 
the future development of water resources in the 
Pacific Norihwest. At issue are proposals by a public 
power organisation to construct the Nez Perce project 
and a private power company to build the High 
Mountain Sheep project, both on the Middle Snake 
River (Fig. 1). The two projects are mutually exclu- 
sive and the Federal Power Commission—the federal 
agency which issues licences for hydro-power dam 
construction—must decide which, if either, should be 
built. 


The Nez Perce Project 
The Washington Public Power Supply System, a 
public power agency composed of 13 public-utility 
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districts in the State of Washington, has applied to 
the Federal Power Commission for a licence to con- 
struct a storage dam at the Nez Perce site, 2:5 miles 
downstream from the confluence of the Salmon River 
and Snake River. As at present conceived the dam 
would be a 700 ft arch-type structure and would create 
a reservoir to store 4,700,000 acre ft of water for 
power and flood-control purposes. Initially the project 
would have an installed capacity of 2,000 MW, to 
be increased to 3.200 MW at an ultimate stage of 
development, and its average annual output would 
be 10,197,000.000 kWh. The Washington Public 
Power Supply System estimates that the project would 
cost $348,500,000. Further details of the proposal are 
indicated in Table I. 

Studies by a number of agencies, including the US 
Corps of Engineers and the staff of the Federal Power 
Commission, have suggested that the Nez Perce site 
is one of the best remaining storage opportunities in 
the US Pacific Northwest. The construction of the 
Nez Perce project, however, would pose severe prob- 
lems in the maintenance of the Snake River salmon 
runs, not only because of the height of the dam but 
also because of temperature and flow problems 
created in the three-pronged reservoir (Fig. 2). Al- 
though novel fish-passage facilities have been pro- 
posed, the fisheries agencies are sceptical about the 
possibilities of their success and remain opposed to 
construction of high dams on fish-migration routes. 

In view of this problem of preserving the Snake 
River and, particularly, the Salmon River runs, the 
US Corps of Engineers, in its main control plan for 
the Columbia River basin (described in the Corps of 
Engineers “531 Review Report,” 1958), substituted a 
two-dam plan for the Nez Perce project. The two-dam 
plan consists of a high dam at the Mountain Sheep 
site, above the confluence of the Snake and Salmon 
Rivers, and the Lower Canyon dam on the Salmon 
River (Fig. 1). These two projects would together pro- 
vide volumes of power and storage comparable to 
those which would be realised from the Nez Perce 
project. The two-dam plan envisages the construc- 
tion of High Mountain Sheep first, followed by the 
construction of Lower Canyon at a later date when 
a solution to the problem of saving the Salmon River 
runs has been found. 


The High Mountain Sheep Project 

The Pacific Northwest Power Corporation, com- 
posed of four private power companies, has applied 
for a licence to construct the High Mountain Sheep 
project, which is located 0-8 miles above the conflu- 
ence of the Salmon and Snake Rivers. The 670-ft high 
arch-type dam would create a reservoir to provide a 
maximum of 3.100.000 acre ft of storage for power 
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Fig. 1. Middle Snake River. Possible developments 
and flood control, of which 2,250,000 acre ft would 
be usable under normal operation. The power plant 
would have an initial installed capacity of 875 MW, 
to be increased ultimately to 1,750 MW. 


The Fish-Maintenance Problem 

In the preliminary testimony before the Federal 
Power Commission the fisheries agencies stated that 
they were firmly opposed to the construction of both 
the Nez Perce and the High Mountain Sheep projects. 
The dams involved approach 700 ft in height and the 
fisheries agencies claim that it would be impossible 
to pass migrants successfully over or around struc- 
tures of this height. The fisheries agencies, however, 
stated that if a choice had to be made between the 
projects, they wouid support the High Mountain 
Sheep project since the fish-maintenance problems are 
less serious. 

The Nez Perce project would block the passage of 
about 240,000 adult salmon which ascend the Snake 
River each year (Table II). Of these fish some 170,000 
migrate up the Salmon River. The fisheries agencies 
are especially anxious to protect the Salmon River 
runs as they are one of the most important remaining 
sources of chinook salmon, the most valuable species 
caught in the US Pacific Northwest. The Salmon River 
runs account for about one-third of the chinook sal- 
mon caught in the region. 

The High Mountain Sheep project would block the 
passage of about 51,000 fish, including 26,000 chinook 
salmon. These runs are much smaller than those in- 
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Fig. 2. Fish control system for the Nez Perce project 


volved at Nez Perce, but are nevertheless important 
contributors to the income and employment of the 
region’s fishing industry. 


Fish Facilities Proposed 

Despite the complexity of the problem, the Wash- 
ington Public Power Supply System claim that they 
have a solution to fish preservation at the Nez Perce 
site. In their application for a licence they have pro- 
posed an elaborate system of fish ladders, locks, and 
collection and transporting devices which they believe 
will permit the safe passage of upstream and down- 
stream migrants. 

The upstream migrants would be led up a con- 
ventional fish ladder to a point in the dam approxi- 
mately at the elevation of the turbine intakes and 
from this point they wou'd pass through the dam via 
a series of pressure locks. 

The fingerlings would be collected on the Salmon 
River by means of a barrier (which would include a 
louvred collecting system). They would then be 
separated and sorted according to size into barges 
which would transport them downstream to the reser- 
voir and discharge them into a helical chute from 
which they would enter the Snake River below the 
dam. A similar collecting structure would be used to 
gather the fingerlings migrating downstream from the 
Idaho Power Company’s Snake River dams and from 
the Imnaha River (a west-bank tributary). To com- 
pensate for fingerlings which are not collected at the 
upstream reaches of the three arms of the Nez Perce 
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reservoir, there would be a skimmer device at the 
dam. This would collect the fingerlings and discharge 
them into the helical chute previously described. 
The Pacific Northwest Power Company has been 
much less specific in its proposals to deal with the 
fish-passage problem. Upstream migrants bound for 
the Imnaha River would be handled through a separ- 
ate canal which would bypass the dam, while the 
Snake River run would be passed by a conventional 
ladder. No details are available regarding the facilities 
proposed for dealing with downstream migrants. 


Applications for a Federal-Power-Commission 

Licence 

Applications for licences to construct the rival Nez 
Perce and High Mountain Sheep projects are now 
being considered simultaneously by the Federal 
Power Commission. The applications were filed on 
August 19, 1960, and direct testimony was presented 
on September 2, 1960. Subsequently the Federal- 
Power-Commission staff and various interested parties 
(called intervenors) examined the applications and 
presented briefs to the Federal Power Commission 
on September 19, 1960. 

The most important phase of the proceedings began 
in mid-October when the hearings on the applications 
opened. At these hearings, which are limited to cross- 
examination, the rival power agencies and the inter- 
venors challenged in detail the testimony of the two 
applicants. The battle between the two contestants 
has been a colourful one, and is far from over yet. 
When eventually the hearings are completed, the 
Commissioners and their staff will have a mammoth 
task of sifting the evidence and deciding whether to 
grant a licence to either of the rival power agencies. 
With so many conflicting’ factions and policy issues 


involved this is indeed a formidable assignment! 

The choice is complicated by the different assump- 
tions and criteria used in developing the two plans. 
These differences are not limited to engineering cri- 
teria. The Pacific Northwest Power Company has 
based its economic analyses and benefit-cost ratios 
on a study comparing a High Mountain Sheep plan 
comprising three dams (High Mountain Sheep, Lower 
Canyon, and China Gardens) with a Nez Perce two- 
dam plan (Nez Perce and China Gardens), and used 
a 24% interest rate for amortisation. The Washington 
Public Power Supply System analysed the competing 
projects individually on an incremental, next-added 
basis, and used a 44% interest rate which approxi- 
mates to the current cost of financing incurred by 
public agencies. These assumptions affect the size 
and cost of installations, power output, and benefit- 
cost ratios. Because of the uncertainties introduced 
by these differences, this article will concentrate on 
the fundamental issues of the controversy, and will 
use the data of the Corps of Engineers 1958 report, 
which provides a comparison based on a single set 
of assumptions. 


Issues Raised by the Case 

The Federal Power Commission is charged with the 
responsibility of licensing only those projects which 
are best adapted in the public interest to the develop- 
ment of the water resources of the region. In discharg- 
ing this responsibility in the Nez Perce and High 
Mountain Sheep controversy, the Federal Power Com- 
mission will be faced with a number of key water- 
resources-policy issues, and its decision will be of criti- 
cal importance for future development in the region. 

In addition to the long-debated public- versus 
private-development argument, there are two other 


TABLE I.—COMPARISON OF DaTA RELATING TO NEZ PERCE AND HIGH MOUNTAIN SHEEP PROJECTS 








Location (dam site) 
River mile (Snake River) 
Distance to Salmon River (miles) 


Dam and reservoir 
Type 
Maximum height (ft) .. 
Crest elevation (ft above MSL) _ 
Maximum pool elevation (ft above MSL).. 
Normal tailwater (ft above MSL) 
Gross head (ft). 
Spillway capacity “(cusecs) 
Reservoir gross capacity (acre ft) 
Maximum usable storage (acre ft) ... 
Pool surface (acres) a8 


Power 
Rating of units (MW)... 
Initial units (number) ... 
Ultimate units (number) ibs 
Total initial capacity (MW) ... 
Total ultimate capacity (MW) a 
Average annual production (kWh) . 











| 
Nez Perce High Mountain Sheep 
| 

186 189 

| 2:5 below 0-8 above 
Arch | Arch 
700 | 670 
| 1,520 | 1,520 
1,510 1,510 
895 925 
615 585 
600,000 300,000 
| 6,600,000 3,600,900 
4,700,000 3,100,000 
29,600 17,200 

| 

200 175 
10 5 
| 16 10 
2,000 875 
1,750 


10,197,000,000 


3,200 
5,600,000,000 
| 
| 





Costs 
Total construction cost (dollars) 348.500,000% 166,000,000¢ 
* Excluding interest during construction. 
* Including $22,300,000 for fish facilities; excluding transmission facilities 
* Excluding costs of fish and transmission facilities. 


Source: Applications of Washington Public Power Supply System and Pacific Northwest Power Compan, to the Federal Power Commission, August 
, and testimony before the Federal Power Commission, Sep tember 2, 1 . 
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Seer eS | 
| Total numbers at | 
| Bonneville dam | 
| (Lower Columbia) 


River 


All species 1,000,000 327,000 


Chinook 456,000 200,750 


Sources 
Anthony Netboy, ‘‘Salmon in the Pacific Northwest.” 


major issues of fundamental importance. These are, 
firstly, the price society is prepared to pay to save the 
fish runs and, secondly, the implications for storage 
development in the Columbia River basin. 


Fish Preservation Costs 

In the course of the difficult and long-standing 
conflict between hydro-power development and preser- 
vation of salmon runs in the Pacific Northwest, a clear- 
cut policy of incurring substantial costs to preserve 
the salmon runs has evolved. Widespread public sup- 
port exists for this policy, stemming from the com- 
mercial and recreational importance of the salmon 
fishery, a general feeling of “moral priority” based on 
the fact that the fishing industry predates the power 
industry, and the threat of complete and irrevocable 
destruction of an important and fascinating asset. 
Most people, it seems, are willing to spend money to 
save the salmon; it has yet to be determined how 
much they are willing to spend. 

In an examination of the merits of the Nez Perce 
and High Mountain Sheep projects with respect to 
the fish problem, three groups of fish-preservation 
costs should be recognised:— 

(a) Specific costs of fish preservation involved at 
the site. Such costs include costs of fish collection and 
passing facilities, hatcheries and of investigations. 
Specific costs involved at the Nez Perce project are 
$12,540,000 and at the High-Mountain-Sheep Lower- 
Canyon project $17,600,000. according to the Corps 
of Engineers estimates. 

(b) Downstream costs of preservation necessary to 
ensure that the runs reach the Middle Snake River 
sites. These include part of the specific at-site costs 
at dams already built and at dams planned for con- 
struction on the Columbia and Snake Rivers, in addi- 
tion to general costs of fishery maintenance and 
research programmes. There are, however, severe diffi- 
culties in identifying and measuring these downstream 
costs. They are dynamic in nature, changing with each 
project added to the system. It is clear that a decision 
to preserve fish at either of the Middle Snake dams 
presupposes that facilities will be placed at all future 
dams downstream. The importance of downstream 
costs of fish preservation is readily apparent when it 
is remembered that well over $200 million has been 
invested in fish preservation in the Columbia River 
basin already. A large part of this expenditure can 
be attributed to the maintenance of the Snake and 
Salmon River runs. Since the Snake-Salmon runs 
account for approximately one-third of the total pas- 
sage of fish at Bonneville dam on the Lower Colum- 
bia, roughly one-third of the cost of fish preservation 
downstream, i.e., approximately $67,000,000, can be 
assigned to the Snake-Salmon runs. 

(c) Costs of substituting less-economic projects in 
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TABLE Il.—ANNUAL NUMBERS OF COLUMBIA RIVER SALMON AT VARIOUS DaM SITES 


Entering Snake | Passing Nez Perce | 


US Corps of Engineers, ‘“‘Water Resource Development: Columbia River Basin (531 Review Report), 
Binfords and Mort 








| : | 
| Passing High 
Entering Salmon | Mountain Sheep 


site River site 

— _ — 
240,000 170,000 51,000 

| 

| 170,000 131,000 | 26,000 


| _ : ; : J 


* Portland, Oregon, 1958 

order to preserve fish runs. The Nez Perce project, for 
example, provides more storage and power than the 
High Mountain Sheep project and, according to the 
Corps of Engineers, at lower unit costs. If Nez Perce 
is rejected solely on grounds of fish preservation prob- 
lems, the additional cost of providing comparable 
benefits elsewhere may be considered as a cost of 
fish preservation. If Corps of Engineers data are used 
again, the cost of substituting the High Mountain 
Sheep and Lower Canyon projects, which together 
provide storage and power benefits almost identical 
to those of Nez Perce, is $136,000,000. 

Thus the capital cost of fish preservation attribut- 
able to the Nez Perce project would approximate to 
$79,500,000, and to the High-Mountain-Sheep Lower- 
Canyon plan, approximately $220,600,000, or a dif- 
ference of some $141,100,000. 

Costs of substitution have not been used in eco- 
nomic evaluations of river-basin projects, but whether 
or not they are used in this case, it seems obvious 
that a decision to preserve the Snake and Salmon 
River runs would have to be justified by criteria other 
than economic considerations. The US Fish and Wild- 
life Service recently estimaied that the average annual 
landed value of the Columbia River fishery was 
$17,000,000. Assuming the origin of the catch to be 
distributed in a manner similar to the distribution of 
spawning (Table ID, the gross landed value of fish 
spawned above Nez Perce is about $5,000,000, of 
which the Salmon River runs account for about 
$4,000,000. The capitalised value of $4,000,000, at 
a 6% rate of return, is $70,000,000, which might be 
considered an upper limit of economically justified 
expenditure for preservation of the Salmon River 
fishery. This limit, it should be noted, is based on 
gross rather than net values of the salmon, and does 
not take into account the costs of fishing. Clearly, fish- 
preservation costs exceed the “value” of fish pre- 
served. 

Not only are costs of fish preservation extremely 
high but expenditures for this purpose are subject to 
diminishing returns. (WATER Power, April, 1960.) As 
each successive dam is built the amount invested in 
fish preservation increases, but because of the cumula- 
tive losses of fish occur as development proceeds, the 
number of fish preserved declines. In effect. more and 
—_ money is spent to preserve fewer and fewer 
fish. 

The dilemma posed by the Nez-Perce High- 
Mountain-Sheep case has shown that a new approach 
to the fish-power problem is urgently required. 


Storage in the Columbia Basin 

No aspect of Columbia River basin development 
has suffered so many setbacks as the plans for pro- 
viding upstream storage for power and flood-control 
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purposes. The comprehensive plan for the basin pre- 
sented in 1948 by the Corps of Engineers called for 
over 20 million acre ft of storage for power in six 
major reservoirs. One-fourth of this was already pro- 
vided at Grand Coulee (5,120,000 acre ft) and the 
remainder was scheduled for other large sites where 
engineering and economic factors were favourable. 
Since 1948, however, only the two smallest of these 
other major sites (Hungry Horse and Albeni Falls) 
have been developed, with a total of 4,000,000 acre ft. 
Conflicting use of resources, international problems, 
objections of upstream interests, and assignment of 
sites to local agencies for smaller developments have 
prevented or so far delayed utilisation of most of 
the major sites considered and recommended for 
development in the 1948 plan. These unusable sites 
include Glacier View (3,160,000 acre ft), Libby 
(5,010,000 acre ft), High Hells Canyon (3,280,000 
acre ft as against the 1,000,000 provided by the 
Brownlee project of the Idaho Power Company), and 
Paradise (4,000,000 acre ft). 

Although High Mountain Sheep would provide 
3,100,000 acre ft of storage, Nez Perce with its poten- 
tial capacity of 4,700,000 acre ft has been generally 
regarded as one of the superior sites of the region, to 
be developed when, and if, the fishery problem is 
solved. The controversy now involving the Nez Perce 
site is another example of the difficulty of effecting a 
long-range plan of constructing upstream storage 
reservoirs in the absence of agreement on the overall 
objectives and management responsibility in the 
development of the basin. In the absence of adequate 
upstream storage, winter power shortages recur and 
the threat of a major flood each spring persists. 


Summary 

Like the Hells Canyon controversy of nearly a 
decade ago, the Nez-Perce Mountain-Sheep debate 
emphasises the difficulty of carrying out comprehen- 
sive planning and development under changing politi- 
cal climates and in the face of strong competition 
between agencies and conflicting resources. 

Past decisions made more or less outside the frame- 
work of comprehensive planning complicate the argu- 
ments both for and against the Nez Perce site. Thus 
the salmon of the Snake Salmon basin take on added 
importance because the construction of Grand Coulee 
dam without fish-passage facilities denied the salmon 
access to the northern quarter of the Columbia 
River basin. The construction of the smaller Brownlee 
reservoir instead of the High Hells Canyon project 
makes the additional storage available at Nez Perce 
even more valuable. The decision to invest heavily in 
fish-passage facilities at downstream dams increases 
the importance of adequate access to remaining up- 
stream spawning areas. These decisions, which may 
have appeared correct when individual cases were 
examined, are not necessarily correct when designing 
an optimum system of river use and development. 

Instead of the present practice of making decisions 
case by case, attention should be focused on long- 
range and region-wide planning, to provide for opti- 
mum use of the basin for flood control, power, fish, 
and other purposes. Such planning requires an overall 
view, the development and acceptance of valid bases 
for evaluating the broad costs and benefits of alterna- 
tive courses of action, clear-cut decisions in the light 
of these evaluations, and machinery for implementing 
the decisions. 








A Unit-Hydrograph Study 


At a recent meeting of the Institution of Civil 
Engineers a paper entitled “A Unit-Hydrograph 
Study, with Particular Reference to British Catch- 
ments,” by J. E. Nash, M.E., A.M.I.C.E.I., was pre- 
sented for discussion. The paper was very ably intro- 
duced by Mr. P. O. Wolf in the absence of the author. 

In an earlier paper the author demonstrated that 
many of the well-known approaches to the problem 
of relating stream flow and effective rainfall are 
special cases of the unit-hydrograph theory, in that 
they have in common the basic assumption that the 
run-off derives from the effective rainfall by a linear 
operation. The unit-hydrograph method alone leaves 
the essential relation between the catchment and the 
linear operator to be established by experiment and 
consequently this method is the most general. In this 
paper the author has applied the method of moments 
to the calculation of certain parameters of the linear 
operator and has attempted to establish empirical 
correlations between the characteristics of the catch- 
ment and the operator so that the latter may be pre- 
dicted for catchments for which adequate records of 
rainfall and stream flow are lacking. 

As was inevitable with a paper of this nature, a 
measure of disagreement in detail was expressed by 
those participating in the discussion, but there were 
many valuable suggestions, which might well result 
in improvements in the procedures employed. In 
general, however, the paper was welcomed as a major 
advance in hydrological technique. 
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Cementation Group Establishes Australian Branch. 
A branch of the Cementation Group has been estab- 
lished in Australia. Operating initially from Mel- 
bourne, it will concentrate on all aspects of foundation 
engineering including piling, anchor stressing, explora- 
tory drilling, grouting, and the application of cemen- 
tation and allied geotechnical processes. Although 
only now establishing itself on the mainland of Aus- 
tralia, the Cementation Group is already playing a 
major role in the Catagunya dam project, a stage in 
the Tasmanian Hydro-Electric Commission’s develop- 
ment of the Derwent River catchment. Drilling, stress- 
ing and grouting work carried out by Cementation in 
this contract and the introduction of prestressing tech- 
niques has reduced the quantity of concrete required 
from 200,000 to 110,000 cu yards. 


Handbook for Welders. There is a light-hearted 
yet sound approach to a technical subject in a new 
56-page booklet, “Weld-ability,” issued by the Eng- 
lish Electric Co. Ltd. This pocket-sized booklet is 
liberally illustrated with cartoons and simple diagrams. 
and contains much sound advice. The first half of 
the booklet deals with the principles of good weld- 
ing, details the necessary equipment and types of 
welds, and explains terms. symbols and British Stan- 
dards. The second part covers English-Electric arc- 
welding electrodes and equipment. There is also a 
helpful section at the end on welding troubles, their 
causes and cures. The booklet is produced by the 
Welding Division of English Electric, East Lanca- 
shire Road, Liverpool, 10. 
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Fig. 1. Looking downstream at the Glen Canyon dam Site 


The Upper Colorado River Project 


This series of articles describes the constructional work on the 
Glen Canyon, Navajo and Flaming Gorge dams. The present 
article is devoted to Glen Canyon dam 


By IAN B. MACKINTOSH, M.A., A.M.I.-C.E., M.ASCE.* 


PART ONE 


LEN CANYON dam will form the principal 
Junit in the Upper Colorado river project. The 
reservoir’s usable storage above the penstock 
intakes of 23 million acre-ft will provide 80% of the 
storage capacity of the initial development of the 
Upper Basin. This storage will conserve the irregular 
flows of the Colorado river, so enabling the states 
of the Upper Basin to use the additional water to 
which they are entitled by the terms of the Colorado 
River Compact, while at the same time releasing water 
to meet the needs, present and future, of the Lower 
Basin. The principal units in the Lower Basin are 
Hoover dam, the Imperial Valley project and the 
Colorado river aqueduct which serves the Los Angeles 
area in California. 
Glen Canyon dam will rise 700 ft above bedrock 
and 573 ft above the normal level of the Colorado 








* Senior Engineer, Taylor Woodrow Construction Ltd., London 


28 





river; the crest length of the concrete arch-type struc- 
ture will be 1,500 ft and the dam thickness will vary 
from 300 ft at the base to 35 ft at the crest. It will 
be only 26 ft lower than Hoover dam, the highest 
dam in the United States; but Glen Canyon dam with 
5 million cu yd of concrete will be 50% more massive 
than Hoover dam. A reservoir will be formed extend- 
ing 186 miles up the Colorado river and 71 miles up 
the San Juan river. There will be a power plant of 
900-MW capacity 470 ft downstream from the axis 
of the dam, measuring 665 ft long, 113 ft wide, and 
150 ft high, and this will accommodate eight genera- 
tors each of 112,500-kW capacity. 

There is a diversion tunnel on each bank of the 
river 13,500 ft long with an excavated diameter of 
46 ft 6 in. There will also be two concrete-lined spill- 
way tunnels dipping at 55° to the horizontal with 
the finished diameter tapering from 50 ft to 40 ft. 
Each spillway tunnel enters one of the diversion tun- 
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nels a short distance upstream of the axis of the dam. 
The crest of the entrance channel to each spillway 
tunnel will be controlled by two 40 ft x 52:5 ft radial 
gates, and at the downstream end of the spillway 
tunnels there will be ski-jump buckets to raise and 
deflect the flow into the centre of the river channel. 


Tunnels 

In the 46 ft 6 in diameter diversion tunnel, on the 
right bank, a jumbo on rubber tyres with four decks 
was used. Fifteen drills and 200 to 250 holes were 
generally employed, with a drilled length of 16 ft 
(except for the cut holes, which were 18 ft) and each 
round pulled about 15 ft or 600 cu yd. The material 
was loaded by an Eimco 105 shovel into dump trucks, 
and the average advance in 200 days was 13 ft per 
day. An unusual feature of the driving of the tunnels 
was the use of throw-away bits manufactured by the 
Western Rock Bit Company, which are discarded 
when they become dull. In the sandstone, the bits 
averaged 48 ft of drilling and cost only about 75 
cents each. 

The 41 ft diameter tunnel was lined with a large 
circular form carried on a rail-mounted carriage, the 





form being collapsed by hydraulic rams. The invert 
was poured first, in a separate operation before the 
arch. The concrete was brought by cableway bucket 
to a platform for unloading directly into dumpers, 
which hauled the concrete into the tunnel to a double 
Pumpcrete machine for placement in the forms. 
The 50 ft diameter spillway tunnels dip at 55° to 
the horizontal to meet the diversion tunnels. For the 
right-hand tunnel, Norihwood Inc., the subcontractor, 
first drove upwards a 7 ft x 14 ft pilot raise, including 
a 6 ft x7 ft timbered manway (which was built as 
excavation proceeded) with the manway housing the 
services and rail track for the muck cars. Drilling 
6 ft holes from a platform on top of the manway, an 
advance of 8 ft per day was averaged for 71 days. 
with an explosive consumption of 2 lb per cu yd. At 
the foot of the shaft there was a rock bunker with 
an air-operated gate from which the rock was hauled 
in S 7 Euclid trucks. When the raise was completed 
the shaft was opened out to full face by working from 
the top downwards and using the pilot raise as a 
muck chute. Holes at 4 ft centres, 12 ft deep, were 
drilled by four track drills, again using the throw-away 
bits which in this section averaged 80 ft. of drilling. 
Thirty-two steel arch ribs made 
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out of 15 WF 167 beams were 
required to support the flared 
opening to the shaft, and the erec- 
tion of these was a very tricky 
operation as the first few ribs are 
115 ft long. The method used was 
to place the inner ribs first and 
work upwards, so that a set could 
be supported against the one pre- 
viously placed. The ribs were 
placed in 20 ft lengths by three air 
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Fig. 2. Location map showing the three schemes described in these 27 cu yd bottom-dump trucks. 
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The excavation output in this 
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Fig. 4. Excavation of the left spillway approach tunnel 


area reached a peak of 80,000 cu yd per week. 

The Colorado river has flows which have been 
known to be 190,000 cusecs, but in February the 
river usually falls to a mere 3,000 cusecs and it is 
during this period in 1959 that the diversion was 
made. The rockfill dyke, which forms the upstream 
cofferdam, is 160 ft high, and was made impervious 
by a steep-sloping zone of bentonite, 7 ft in thick- 
ness, located a little upstream of the axis of the 
cofferdam. 


Aggregate 

The dam is being built in an area where sand- 
stone that is unsuitable for concrete aggregate is the 
predominant rock for many feet down, and the 
only source of acceptable aggregate within economic 
hauling distance of the dam site was found five 
miles to the north, in a gravel deposit spread over 
4 miles along the Wahweap Creek. This deposit 
includes a quantity of chert and other unsuitable rock, 
and it was found that practically all the unsuitable 
materials were also light in weight. So for use in con- 
crete in the exterior faces of the dam and other 
exposed areas, which amount to 12% of all concrete, 
specifications call for the elimination of all materials 
having a specific gravity of less than 2-50, in all the 
sizes from 1} in to No. 8, by using heavy-medium 
separation. 

One of the first things the contractors, Merritt 
Chapman & Scott Corporation, did after the award to 
them of the $108 million contract, was to initiate a 
more detailed survey of the Wahweap gravel deposit. 
The area was first mapped by Fairchild Aerial Sur- 
veys, Inc., and a seismic profile was run to fix the 
depth to bedrock. Then using a Calweld boring 
machine with a 30 in bucket and a 44 ft telescoping 
kelly bar a series of 40 test holes (on a 400 ft grid 
over the whole area) were put down the full depth of 
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the gravel deposit, which 
averaged about 35 ft. 
Since the water table was 
only a few feet below the 
surface a 36 in casing was 
installed in each hole to 
hold the sides as boring 
proceeded. All the ma- 
terial taken from the holes 
was screened and the 
several sizes weighed, 
thus giving particle-size 
distribution for use in the 
design of the processing 
plant. There is a shortage 
of specification sand, and 
to obtain the 10 million 
tons of aggregate required 
it will be necessary to 
pass 15 million tons of 
raw material through the 
plant, the remainder go- 
ing to waste. Specifica- 
tions do not allow part of 
the sand to be manuiac- 
tured in a rod mill. 

The material is loaded 
by one 44 cu yd and two 
6 cu yd draglines into 27 
Euclid 27 cu yd bottom- 
dump trucks. These haul to a grizzly pit feeding to 
a surge pile level with the river. 

The 800 ton per hour screening, washing and 
separating plant is located on a bench 300 ft above 
the Wahweap river and the material is elevated to 
it from the surge pile by means of a 900 ft long 36 
in conveyor belt inclined at 18° to the horizontal, 
which can handle a maximum of 1,400 tons per hour 
at 600 ft per min; this conveyor is powered by two 
250 h.p. motors. 

A pilot plant was set up to produce the heavy- 
medium-separated aggregate required for lining the 
diversion tunnels. An attempt to beneficiate the sand 
and gravel as a composite material failed, since the 
float product carried off a large percentage of the sink 
product and the sink produci did not consistently meet 
specifications. The original plant was therefore re- 
served to treat only the coarse aggregate from 14 in 
to No. 4 sizes; this plant, with an output of 80 tons 
per hour of finished material, is a SWECO unit using 
a medium with a specific gravity of 2:44 produced by 
adding to water a blend of 70% ferrosilicon (s.g. 6-7 
to 7) and 30% magnetite (s.g. 5-0), both being intro- 
duced as finely ground powders that stay in suspen- 
sion in the water. As the gravel passes through the tank. 
the waste floats and is carried over a weir with the 
water. The heavy gravel sinks and is carried out of the 
tank by a screw. Both materials are washed on a screen 
to remove the heavy medium, which is returned to 
a densifier tank which maintains the specific gravity. 
A second plant is used for the No. 4 to No. 8 sand 
and it is a WEMCO Mobil-Mill (a cone-type separa- 
tor) with a capacity of 10 tons per hour employing 
the same medium but a different mechanical system. 

For transporting the aggregates the 5:2 miles to the 
storage stockpiles at the dam site, both a belt con- 
veyor and trucks were considered, but the trucks were 
found to be the more economical. A 50 ft. wide haul 
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road with a maximum adverse grade for the loaded 
trucks of 14% has been built. The 12 Cooke-Bros 
Mack 30-ton boitom-dump truck traiiers which are 
being used pass through a loading tunnel, 525 ft long, 
formed by 12 in x 12 in buik timber under the eight 
bunkers. The truck driver operates the bunker gates 
by pulling a lever which he can reach from his cab, 
and the loading cycle takes 45 sec. The trucks will 
operate under one bunker for four hours to minimise 
movements of the shuttle conveyor at the dam. The 
trucks climb a short ramp and then run down an 
accelerating grade enabling them to get quickly into 
top gear for the 30 m.p.h. run to the dam, a round 
trip taking 26 min. 

fhe trucks have a decelerating grade approaching 
the unloadirg bin, which reduces brake wear, and 
they discharge in 4 sec while moving at 5 m.p.h. over 
the bin. The coarse aggregate is raised by a fixed 
inclined conveyor to a 400 ft long shuttle conveyor 
which rides on a trestle 800 ft long enabling the 
materials to be distributed to the six stockpiles. The 
layout of the construction plant at the dam is shown 
in Fig. 3. A horseshoe-shaped reclaim tunnel 9 ft wide 
is used, and this accommodates a 36 in conveyor. 


Concrete Cooling, Batching, Handling and Placing 
Despite desert temperatures of 110°F in the sum- 
mer time, concrete at Glen Canyon must be cooled 
to under 50° F when placed, and to meet this require- 
ment the contractor has installed a refrigeration plant 
with a capacity of 4,000 tons and a connected load 
of over 7,000 h.p. The refrigeration plant is supplied 
by Lewis Refrigeration, Inc., of Seattle. Cooling will 
be in five parts: (1) aggregate cooling by chilled water 
on the conveyor belt, (2) aggregate cooling by air at 
the batch plant, (3) chilled mixing water, (4) ice sub- 
stituted in the mix for some of the mixing water, and 
(5) aftercooling through pipes embedded in the dam. 
The 24 cu yd Noble fully automatic concrete-batch- 
ing plant is believed to be the largest in the world. 
It stands 217 ft high, has a storage bin capacity of 
3,000 tons, and contains six 4 cu yd Smith mixers 
which have an average mixing cycle of 3 min. The 





mixers are arranged in a circle and have removable 
hard-faced liner plates to take the shock of the 6 in 
azgregate. The mixers discharge into two 26 cu yd 
wet hoppers which take the hearting concrete, or into 
a 13 cu yd hopper which will be used for the bene- 
ficiated concrete going into the face of the dam. One 
man operates the entire plant. Storage capacity is 
availabie for 40,000 barrels of Poriland cement and 
30,000 barrels of pozzolan natural cement. The cement 
is furnished to the contractor by the Bureau and will 
be trucked 185 miles from a new plant specially built 
tor Glen Canyon. Mass concrete for the dam will have 
188 lb of cement and 94 lb of pozzolan per cu yd. 

Special tilt-type transfer cars, consisting of a 12 cu 
yd electric car driven from a third rail and drawing 
a 12 cu yd trailer, will carry the concrete from the 
batch plant over a structural-sieel trestle constructed 
across the right keyway 175 ft below the crest of the 
dam. The cars will unload direct inio the 12 cu yd 
cableway buckets so that these do not have to be 
unhooked. 


The 50-ton Cableways 

There are two main travelling Lidgerwood cable- 
ways, of 50-ton capacity, designed to run On separate 
parallel tracks, and at different levels so that one can 
pass over the top of the other. A third 25-ton cable- 
way will operate on the front track and it will be used 
primarily for the power house. The 50-ton rigs are 
specially designed high-speed cableways having a 
hoisting speed of 600 to 700 ft per min, a conveying 
speed of 1,200 to 1,400 ft per min and a travelling 
speed of the towers of 120 ft per min. These speeds 
make it possible to place more than 8 cu yd per 
min with the two cableways, as al! operations can 
be carried out simultaneously. When the height of 
the dam rises above the height of the transfer car 
trestle it is expected that the 8 cu yd per min can 
be maintained even though the towers will have to 
travel. 

The load line is dead ended on the tail tower—not 
the carriage—and this is a help in getting a better- 
balanced carriage. No button lines are used to space 





Fig. 5. View. of aggregate plant above Wahweap Creek 
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Fig. 6. Main concrete-batching plant 


out the slack carriers but instead three differentially 
driven slack carriers are used on each side of the car- 
riage, which space themselves out automatically. This 
system was previously employed in the cableways 
used at Pine Flat dam in California. The slack carriers 
are suspended on the 4 in diameter locked-coil track 
cable and carry first the 14 in diameter endless line 
to the carriage and below this the 14 in diameter load 
line is carried on an idler. The sheaves on the track 
cable and the endless line are driven sheaves, and are 
coupled together by notched rubber-belt drives of 
varying ratio, so that as the endless line is drawn 
through one sheave of the carrier assembly, the sheave 
which is riding on the track cable is driven and the 
slack carrier assembly rides forward at an appropriate 
speed to maintain equal spacing of the carriers. The 
Pine Flat carriers had bronze inserts but Roeblings 
have supplied for Glen Canyon a carrier of new 
design, which weighs 1,336 lb, and has a type of insert 
specially designed to fit the lay of the wire. The 
carrier, however, is considered to be heavier than is 
necessary and there remain some doubts as to whether 
the new inserts will work. 

A special feature of these cableways is a very light 
and well-balanced carriage. The carriage has two 
10-wheel units which ride on the 4-in track cable, 
and the three 72-in diameter sheaves are spaced to 
give complete balance. The fall block has a pair of 
72-in sheaves on a common axis and gives a four- 
part ratio. The spread of the falls over the three car- 
riage sheaves gives good protection against twisting 
of the fall block. 

The concrete in the hearting to the dam will be a 
lean mix having only 188 Ib of Portland cement and 
94 Ib of pozzolan per cu yd of concrete. Concrete 
within 5 ft of the face will have beneficiated aggre- 
gates with 282 Ib of Portland cement and 94 Ib of 
pozzolan per cu yd of concrete. The forms may be 
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Fig. 7. Head towers of the 50-ton cableways 


stripped 24 hours after the end of placing, but no lift 
of concrete may be placed until 72 hours have elapsed 
after the lift immediately underneath was placed. The 
height of lift in the dam is 7 ft 6 in. The grouting 
programme is similar to that at Flaming Gorge dam. 
to be described in a subsequent article, and drainage 
galleries will be drilled into the abutments. The dam 
concrete work is scheduled to be spread over 27 
months at a peak rate of 9,600 cu yd per day. 
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(To be continued) 
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Flow Measurement 


in Closed Conduits 


A summary is given of the papers relevant to hydro-electric 

practice presented at a Symposium on Flow Measurements 

in Closed Conduits, held recently at the National Engineering 
Laboratory, East Kilbride 


HE original work done by the Fluids Mechanics 

Division of the National Engineering Laboratory 

on new techniques and equipment for large water- 
flow measurements in closed conduits, utilising estab- 
lished methods and modern developments, made East 
Kilbride an appropriate venue for this symposium, 
which was attended by 152 delegates from the United 
Kingdom and overseas. 


Country Delegates Papers 

Great Britain 103 13 
France and Switzerland . 14 4 
Germany and Austria 11 3 
Belgium and Holland 5 2 
Scandinavia and Eastern Europe 4 ! 
Italy a 4 I 
U.S.A. and Canada 8 5 
— and South Africa a 
Japan l 

Total 152 29 


The scope of the symposium was not restricted to 
hydro-electric applications but included methods that 
are applicable to process and other industries where 
fluid-flow measurements are important. These notes. 
however, will be confined to those methods of closed- 
conduit flow measurement which were approved by 
the International Electrotechnical Commission Com- 
mittee TC/4 for “Acceptance Tests for Hydraulic 
Turbines” and by the B.S.I. “Hydraulic Turbine Test 
Code,” both of which are now in the draft stage. A 
complete list of the papers is given in the Bibliography 
at the end of these notes. 

Each meeting was under the chairmanship of a 
well-known authority, and the papers were reviewed 
by a rapporteur attached to the National Engineering 
Laboratory Staff. Details are given below. 


CURRENT-METER METHOD 
Al. Component Current Meters—Kolupaila (U.S.A.) 
Current meters are not necessarily adequate for 
oblique or pulsating flows, but the recently developed 


DETAILS OF MEETINGS, THEIR 


Section Subject 
A Current Meters and Pitot Tubes 
B Orifice Plates 
( Venturi Meters 
D Other Pressure-Difference Devices 
E Salt-Dilution and Salt-Velocity Methods 
F Gibson Method 
G Special Methods 


“component impeller” registers the velocity accord- 
ing to the cosine rule up to 45° and over. This can 
be important at conduit entrances where spiral flow 
may occur and near the walls where high velocity 
gradients subject the adjacent and remote blades to 
different actions, producing a resultant oblique to the 
axis. Pulsating flows appear as irregular variations 
of direction rather than magnitude. 

Some of the observations in this paper were chal- 
lenged in discussion where it was maintained that: 

(i) A central meter was necessary since any dip in the 
velocity profile should be reflected in the flow com- 
putations. 

With pulsating flows and air contents exceeding 2% 

current meters read high. 

Frequent calibrations and limited submersion times 

are desirable. 

(iv) Frictional effects remain somewhat uncertain. 

(v) Calibration by absolute methods as distinct from 
the towing tank system should be reviewed. 

(vi) Calibration in still water was not necessarily correct 
(see also Paper A2), especially for meters located 
near the pipewalls in high velocity gradients. Prof. 
Gerber mentioned recent comparative tests in Swit- 
zerland with a 10,000 m* tank where 120 current- 
meter measurements showed discrepancies below 
1°% when based on earlier calibrations. 

This historical paper merely confirms European 
experience, since component meters with linear rating 
curves, which are convenient for integration, are now 
in common use. 


(11) 


(111) 


A2. Interference and Proximity Effects—Benini (Italy) 
In large-diameter pipes many meters mounted on 

two or three coplanar intérsecting crossbars operate 

simultaneously in close proximity to each other and 

to the walls where there are steep velocity gradients. 

This work at Padua attempts to eliminate unceriain- 

ties but these doubts apparently remain unresolved. 

Test Codes specify the minimum distances as:— 

(i) Near walls: 0-75 meter diameter. 

(ii) Spacing between meters: 1-20 meter diameter. 


CHAIRMEN AND RAPPORTEURS 


Papers Chairman Rapporteur 
6 Prof. H. Gerber Dr. F. A. L. Winternitz 
Switzerland 
4 Prof. H. Gerber Dr. F. A. L. Winternitz 
Switzerland 
4 Prof. L. Kolupaila Dr. E. A. Spencer 
U.S.A. 
5 ~— L. Kolupaila Dr. E. A. Spencer 
U.S.A. 
4 Prof. J. H. Preston Mr. L. Young 
Great Britain 
2 Prof. L. J. Hooper Mr. L. Young 
U.S.A. 
4 Prof. G. Hutarew Mr. W. H. P. Leslie 
Germany 
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Some earlier results are summarised below:— 
(i) Wall proximity 


Near wall Bottom Velocity 

relationship 

Standard propeller 11% 0-8% Independent 
Ott meter 2:5 m/sec —2-1% 12% Dependent 


(ii) Mutual interference 
Ott meters: No correlation between 0-1 
m/sec. 
Belgrade tests: 0-4-5 m/sec 1-73%. 

The new tests in an open channel would have been 
more convincing if made in a closed conduit since 
apart from unavoidable experimental errors they 
showed no wall proximity or mutual interference 
effects, the difference being only 0-2-0-3°% without 
positive or negative bias or tendency to increase as 
clearances decreased. The results do suggest, however, 
that maximum mutual interference errors occur at 
minimum velocities. Typical figures for three meters 
spaced at 2 cm were:— 

Velocity: 0-5 m/sec, 4-0 m/sec. 

Error: 2°4%, 0-8%. 

Different figures given in the discussion for the time 
necessary for water in a towing tank to stabilise after 
a calibration run were:- 

(a) Benini: 5 min according to paper. 
(b) Vienna: 10 min—60 min for 4 m/sec. 
(c) Berne: Up to 45 min according to velocity. 


and 0:8 


A3. Water Temperature Effects—Coffin (France) 
This paper raises an important question where 
turbine-efficiency tests are made in tropical coun- 
tries with current meters calibrated in temperate 
climates, since water temperature may modify the 
rating because protecting-oil viscosity changes cause 
friction-loss variations in the revolving parts. For 
these current meters the basic rating curve was:— 
V =a+ bn=a+0-2368n 
where b the pitch or 0-2368/revolution is unaffected 
by oil viscosity. For low rotational speeds, however, 
previvus calibrations showed consistent temperature 
effects on @. 


Berne calibrations 56 59] S9II 
Speed range r.p.s. -. kS-Tl 4-11 4-11 
Water temperature °C. .. 11-5 5°5 5-0 
Oil viscosity ° Engler .. 12 70 18 
Coefficient a mean 0-018 0-042 0-031 
, Frigo- Ter- Frigo- 
Protective oil ar A resso 52 ten A 


These were confirmed by further tests using Frigo- 
lene A. 


No. Water Oil 
current tem- vis- Constant Calibration 
meters perature cosity a 
4 °E. m/sec 
22 22:0 6°5 0-010 Ghent 53 
3 21-0 6:9 0-015 Grenoble 56 
6 20-0 7:1 0-015 Toulouse 57 
17 18-5 8-0 0-017 Toulouse 59 
13 15-5 9-2 0-017 Berne $7 
19 14-8 9-5 0-022 Trondheim 54 
31 14-3 10-0 0-021 Trondheim 55 


Data analysis gave a comprehensive formula in terms 
of :— 
(i) Protecting oil viscosity based on Frigolene A. 
(ii) Water temperature ¢ °C. 
(iii) Speed n between 4 and II r.p.s. 
V =(0-2368n + 0-033 — t/1125) m/sec. 


A4. Influence of Current Meter Frames—Serpaud and 
Coffin (France) 
Discharge measurements on a large Kaplan turbine 
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(120 m*/sec) showed errors of 7-8%, and because the 
supporting frame was suspect, scale model tests were 
made and significant velocity-profile changes at dif- 
ferent sections were confirmed by subsequent field 
tests. The importance of this paper lies in utilising 
scale models to evaluate frame effects on current- 
meter measurements by velocity-profile modifications 
due to an obstacle causing deceleration or localised 
braking effects near it, acceleration on either side. 
and head losses. Simultaneous Froude and Reynolds 
similitude was not possible with the | : 4 model which 
was chosen to suit the miniature current meters in- 
stalled in an open channel 0-4 m wide, giving a Rey- 
nolds number of 1250 at minimum prototype velocity 
0-2 m/sec, the maximum being 0-7 m/sec. The tests 
showed: 
(a) Negligible braking effect. 
(b) Considerable frame-position effect on velocity pro- 
file. 
(c) Discharge errors of —8-2%. 
(d) A velocity profile similar to that at Kaplan spiral- 
casing inlets where there is a slight velocity increase 
in the lower third water depth. 


SALT-VELOCITY AND SALT-DILUTION 
METHODS 


El. Allen Salt-Velocity Method—Hooper (U.S.A.) 
This informative paper outlined injector and elec- 
trode design improvements, recording systems, opera- 
tional precautions and computations, as well as 
laboratory and field tests on short pipes, which 
showed that by timing a brine cloud sweeping a 
known volume, water-discharge measurements were 
accurate within 1% if specific requirements are ful- 
filled, including: 
(i) Brine injection at 2:5 kg/cm? above conduit pressure 
with concentration depending on recording equip- 
ment. 


Recording instruments Concentration 


Insensitive wattmeters ae .. 120 g/lit 
Bridge circuit oscillograph and ampli- 
fier : 3 g/lit 


(ii) One brine distribution value for every 2 m?* of 
conduit cross section spaced to give equal conduc- 
tivity and area increments. 

(iii) Adequately insulated electrodes preferably of cir- 
cular pipe construction for strength and stiffness 
against flow-induced vibrations. 

(iv) Time measurements between two electrodes and not 
between pop valves and electrodes. 

Curve-peak, mean-area and mean velocity compu- 
tations were examined for accuracy in terms of transit 
time. The results confirm that the use of the centres 
of gravity of two electrode records is best. Systematic 
errors in section and volume measurements and clock 
calibration do not exceed 0-2-0:5% and the average 
deviation including observation errors is about 1%. 


E4. The Isotope-Velocity Method—Clayton, Clark 


and Ball (Great Britain) 

Experiments are described, which by comparison 
with absolute measurements, indicate accuracy of the 
isotope-velocity method for turbulent flows up to 20 
cusecs in 20 in-diameter pipes, including infermation 
on:— 

(a) High-speed injector design to promote lateral mix- 
ing of the radioactive solution radially from a 
central valve. 

(b) Lateral detector position. While single detectors in- 
troduced significant errors (3-9%), the lateral 
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TABLE 1A.—ABSTRACTED TESTS RESULTS—ISOTOPE-VELOCITY METHOD—20 IN DIAMETER PIPE 


Flow 
Pipeline details Detectors No. __No. 
spacing detectors injections Measured Absolute Error 
ft cusecs cusecs 
Straight . 125-00 2 1] 7°55 +0°047 7°57 0:26 
Straight - 126°73 2 36 17°98 +0°110 18-10 0:66 
Straight ne 126°73 2 20 5-036 +0:023 5-032 + 0-08 
With 180° bend ; , 100°58 2 40 18-200 18-21 0:06 
100-58 2 20 5-494 5-488 O-11 
Straight : 128:77 l 36 17°64 +0°194 18-10 2-54 
Straight ; 128°77 l 20 5-062 + 0°038 5-032 + 0-60 
With 180° bend a 206°63 l 41 17°82 +0-°139 18-21 2°14 
206-63 l 20 5°398+0°017 5-438 1:64 
TABLE IB.-FURTHER ABSTRACTED TESTS RESULTS Salt-velocity method, giving improved 





accuracy over shorter pipe lengths pro- 


Calculated vided other errors are small. 


Distance Distance flow. (b) Applicable to salt-water flow. 
injector to between Ist to 2nd Absolute , (c : ee ee os. 
Ist detector} detectors detector flow Difference ¢) High specific activities (1 mC/ml) per 


mit measurement of larger flows with 
small injection volumes (1 ml). 


ft ft aii tii (d) For short pipes, injections should be 

rapid (14 m/sec) and have the same 

120 130 17-98 18-11 0-72 velocity component as the main flow 
over the cross section. 

120 130 5-001 5-032 0-62 Features influencing accuracy that 

- “is _— ~— 1-33 were investigated included lateral detector 

' and injector position, bends in test section 

80 170 5-01 5-032 0:44 and measuring-system errors. With one 

injector and detector the tracer dispersion 

40 210 17:92 18-11 — 1:05 in transit varies along the pipe, and con- 

40 10 5-049 5-032 +0-34 sequently waveform, shape and size, vary 


with detector location, due to velocity 
10 240 18-00 18-11 0-61 fluctuations causing turbulent diffusion 
and velocity distribution distorting puises 
because the inner fluid core has greater 
: Pe ee . velocity than that near the pipe wall. The 

detector position appears unimportant 80 diameters concentration after time ¢ is given by:— 


10 240 5-007 5032 — 0-50 


downstream from the injector. ; —(x—ut)* 

(c) Errors introduced by decreasing distance between C=Ar™ exp [ “a | 
injector and first detector in a two-detector system where A=total radioactivity of injected solution 
where the flow rates derived from the centre of the x=distance to observation point along pipe 
area of recorded pulses were measured in a straight K=virtual diffusion coefficient=10-1 av* 
pipe to within +1%. u=mean fluid velocity 

(d) 180° bend effects between two detectors did not, a=pipe radius 
apparently, impair accuracy. v*=turbulence parameter 

(e) The equipment comprising: x — 40v* 
(i) Two externally mounted scintillation counters and a — 


supported in lead collimators to detect passage 
of tracer designed to maintain low background 
radiation level. 


In the experiment where u/v* was about 20 the 
waveform asymmetry was small. 


(ii) Eleven-stage photomultiplier feeding a pen- A few results are given in Table I. 
recording counting rate meter with chart speed 
, oo 
oe 5s ae. E2. Comparative Salt-Dilution Method—Hermant 


This is an analogue of the Allen salt-velocity 
method in that a radioactive isotope solution, Na. 24, 
is injected into the flow and detected by radiation 


counters downstream. Several important points noted : ; : “to 
were: — ” P experimental research during which a sensitive and 


(a) Radiation counters are positioned outside and infor- @Ccurate adjustable-screen light-absorption colori- 
mation received from the dispersed tracer seems less Meter was developed for comparing sodium dichrom- 
susceptible to local concentration variation than the ate sampies with concentrations of about 0:3 mg/lit. 


(France) 
The salt-dilution or chemical method for measure- 


ment of high flow rates to within +1% necessitated 
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Methods for a concentration of 0-1 mg/lit are being 
developed. The principle is that if a constant flow 
q of homogeneous sodium-dichromate solution is in- 
jected at the pipe entrance and samples drawn off 
downstream, then Q=Nq where N is the dilution (ap- 
prox. 10°) ascertained by colorimetric comparison of 
optical density via a photoelectric cell (sensitivity 
+0:2%) with solutions of known dilution using di- 
phenyl-carbazide to give detectable water coloration 
for concentrations above 0-3—1-0 mg/lit with an accur- 
acy of +0°3%. Resistivity-variation measurements by 
conductivity bridge is an alternative method. The 
sources of measurement inaccuracies include:— 
(i) Injection rate: +0-1 to +0-20%. 
(ii) Dilution measurement errors: — 

(a) Colorimeter: +0-5 to +1-:0%. 

(b) Dilution: +0-5%. 

(c) Sampling: Negligible. 

(d) Non-homogeneity in sampling section and mini- 

mum mixing lengths are under investigation. 
(e) Deterioration of weak solutions and their de- 
crease in optical density with time due to organic 


substances. 
Concentration Optical density 
mg/l dispersion over 1 month 
0-3 15% +0-5% 
3,000 diiuted 
to 0-3 +0-1% to +0:2% 


Tests must therefore be made quickly on site, since 
analysis by celorimetric methods is a lengthy process. 
(iii) Conduit condition Optical density effects 

Bituminous paint Negligible 
Unprotected metal Negligible 
Sediment Not appreciable 

Typical turbine efficiencies checked against the 
thermodynamic method gave a mean systematic error 
of 1% where the uncertainty margin in a flow com- 
parison may embrace measurements of head and 
generator output, as shown in Table II. 








TABLE II.—COMPARISON BETWEEN SALT-DILUTION AND 
THERMODYNAMIC METHODS 
Relative Efficiency 
QO Hn — Difference 
Salt- | Thermo- | An 
Dilution | dynamic 
m*/sec m 

2-98 4046 | 89-9 90-9 1-0 

3-92 400-4 89-7 91:0 1:3 

4:18 395°3 89-3 90:1 | 0-7 


The salt-dilution method is considered suitable for 
flow measurements up to 35—SO m*/sec and for heads 
of 50-100 m with the advantages that:— 

(i) It is independent of sectional area. 

(ii) Shutdown of running plant is unnecessary. 

(iii) Test equipment is relatively simple. 
(iv) It is suitable for inclined pipes and low flow rates. 
(v) It can be used where temperature conditions are 
unfavourable to the thermodynamic method or 
where accuracy of other tests are doubtful. 
Systematic errors are small if mixing conditions are 
satisfactory. 


(vi) 
E3. Radioactive Isotope Dilution Method—cClayton, 
Ball, Clark and Spencer (Great Britain) 
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Two series of water-flow measurements using an 
isotope dilution technique are compared with abso- 
lute measurements based on direct weighing with 
sampling positions at 60, 110, 220 diameters down- 
stream using mains-operated equipment. For field 
work portable apparatus of comparable accuracy and 
sensitivity has been developed using irradiated tablets 
enabling large flows to be measured using small in- 
jected volumes based on:— 

O=q CKC:—C:) 
where qg m‘*/sec is isotope injection rate 

Concentrations in mC/ml are: — 

C Injected solution (usually about |: 10°) 
C, At sampling point 

C2 In stream before injection. 

The essential characteristics in isotope selection are: 

(a) Solubility, stability and ease of injection in natural 
water. 
(b) Half life. 
Sodium Na. 24 15 hours 
Bromine Br. 82 36 hours. 
(c) Type and energy of emitted radiation. A high-energy 
beta emitter with low gamma activity is preferable. 
(d) Maximum permissible radioactivity level in solution 
and low toxicity. For drinking water 8 »C/lit for 
Na. 24. 
(e) High specific activity. 
Radioactivity required for statistical accuracy is :— 
R=1-5 x 10* QS uC 
where Q=flow rate in cusecs 
S=sample concentration for assay in ywC 
R=0:7 mC on first day increasing to 2 mC on 
second day for Na. 24. 

The tracer is injected at a constant rate in the flow 
direction by a constant-speed piston. Errors may arise 
from piston leakage, mains-frequency-induced volt- 
age fluctuations and air bubbles, but the overall 


injected-volume variations of +0-15% were subse- 
quently reduced to +0°05% 
Piston Back 
Diameter Volume} velocity! pressure | Output 
in in’ in/min Ib/in* ml/sec 
2:751+0-001 46:0 0-804 200 1-308 
The injection wavefront passing the remote 


sampling point is observed by a radiation monitor 
outside the pipe. Other questions involving injected 
volumes and mixing lengths and sampling techniques 
are also dealt with. 

Because of the random nature of isotope-emission 
decay the counting rate in a radiation detector is sub- 
ject to statistical fluctuations which follow a Poisson 
distribution with standard deviation / nt where nt is 
total number of counts in time ¢ so that the chances 
of a measurement being within a range are:— 

Range nttV nt nt+2V nt 
Probability 68-3 % 95-5% 

Statistical accuracy increases with high counting 

rates but errors are introduced during:— 

(i) Calibration of :— 
(a) Equipment with standard long half-life sources. 
(b) Injected solution radioactivity. 

(ii) Measurement of :— 
(a) General background. 
(b) Accumulated isotope concentration. 
(c) Sample concentration. 
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these 


conclusions from 


The 
that:- 
(i) Errors due to statistical counting are small. 
(ii) Factors affecting injected radioactivity involve: 

(a) Total flow. 

(b) Radioactive decay which may be unimportant 
if measurements are made within 2-3 half lives 
from irradiation. 

(c) Ability to transport large amount of radioacti- 
vity. 

(iii) Assaying of many samples is the main problem. 

(iv) Calibration methods are important factors affecting 

accuracy and improved systems need investigation. 
Typical figures are given below: 


investigations are 


Series | Il 
Diameters 110 220 110 220 
Mean deviation from 
absolute flow % —23 —295 —1:28 —0-66 
Standard deviation % +2°2 +18 +1-15 +1-68 
Spread + % 102 +1-:12 +095 +1-59 
—% —4:76 —509 —2:26 —2:14 


Pump sealing 
improved. 
Random errors 
due to sampl- 
ing and dilu- 
tion methods. 


Includes syste- 
matic and ran- 
dom errors. 


Comments 


GIBSON METHOD 
Fi. Experience with Gibson Method in Norway— 

Alming (Norway) 

Because many Norwegian hydro-electric stations 
are underground the Gibson method may be advan- 
tageous, and this constructive paper outlines theoret- 
ical and experimental work designed to improve 
understanding of the problems involved including 
instrumentation designed for sensitivity to rapid pres- 
sure variations using low-mass site-calibrated mem- 
branes and optical reflection to record deflections 
photographically on paper 120 mm wide. 

The rim-stiffened membranes are 100 mm in 
diameter and 0-6—1:5 mm thick prestressed in the 
neutral position by heat treatment to avoid discon- 
tinuity in the pressure/difference/deflection relation- 
ship, which is linear up to a maximum of 0:25 mm 
with an air resonance frequency in first mode of 500 
c.p.s. Some difficulties were experienced in damping 
out unwanted pressure variations. 

Instrument piping, tappings in concrete shafts and 
other installation details are also mentioned as well 
as techniques for short measuring lengths and small 
pressure differentials. Typical differential-pressure 
diagraris for good and bad conditions showing super- 
imposed pressure fluctuations having a frequency 
equal to speed x number of runner blades are given 
to indicate that instrument sensitivity and damping 
are correlated problems. A_ novel leakage-flow 
measurement method is also described. 

Water-flow evaluation from the recorded diagrams 
involving zero-line location from damped oscillations 
after guide-vane closure is coupled with examination 
of the sources of error needing investigation includ- 
ing: 

(i) Pressure loss in feed lines. Small if size adequate. 

(ii) Pipeline dimensions. Lengths and diameters to an 
accuracy of +0-1% possible. 
(iii) Velocity distribution and rotation. Difficult to 


check, especially with bends and short pipe lengths 
upstream of test section. 

(iv) Recovery line. Calculations assume friction follows 
steady-state law under transient conditions with 
corrections made if losses are important. 








(v) Pressure fluctuations and damping effects by sym- 
metrical and asymmetrical throttling may introduce 
pressure difference inaccuracy depending on wave- 
form and retardation-diagram distortion. 

Dual throttle-valve designs can partially overcome 
this difficulty. 


(vi) Guide-vane closing point. Error in locating this 
point can be kept within 0-1%. 
(vii) Leakage-water flow. This is small and effect on 


total error is less than 0-1%. Greater precision 
would require consideration of turbine-cover de- 
formation and head at the guide-vane closing point. 
Diagram evaluation. With good recordings and 
accurate timing the accuracy of diagram areas is 
within 0-2%. 

The conclusions are that the Gibson method de- 
mands careful pressure recording, instrumentation and 
test preparations plus skilled personnel and data 
evaluation. Random errors are apparently small and 
repeat tests show a spread of only 0:25%. Systematic 
errors due to uncertainties such as varying velocity 
profiles, rotation, friction loss and end point deter- 
mination may be large and difficult to assess, neces- 
sitating better theoretical and practical understanding 
along the lines of Calvert & Wilson’s work at NEL 
(see Paper F2) and on parameters for correlating 
available data. 


(vill) 


F2. Small-Scale Gibson-Method Experiments— 

Calvert and Drabble (Great Britain) 

This paper attempts to establish the Gibson method 
parameters. Experiments suggest that the Gibson 
determination is less than the true value and that the 
error increases as the Reynolds number decreases. 

An earlier appraisal based on equating momentum 
change to the turbine- or valve-closing impulse during 
controlled flow reduction suggested that controlling 
parameters might involve Reynolds-number friction 
coefficients, and dimensionless ratios linked with test 
and penstock lengths, closure time, pipe and gauge 
periodic times. This new analysis introduces a pres- 
sure/time diagram parameter D/VT. as a measure of 
the surge/friction-recovery area, large values indicat- 
ing small friction corrections and conversely. 

For pressure-sensing elements U-tubes are con- 
sidered inadequate and high-response diaphragm 
gauges with optical or electric display are preferable 
for recording flow variations. They are, however. 
complicated, expensive and troublesome as regards 
calibration and linearity changes. 

Qualitative experiments with a time-based Maihak 
spring-controlled piston indicator on 0:5 in and 1-5 
in pipelines, 20-100 ft long, and velocity computa- 
tions using Gibson’s friction-recovery lines with the 
end-point position determined from after-waves gave 
discharges below weigh-tank measurements. 

A tentative explanation based on flow observations 
using fluorescein is that retardation flattens the veloc- 
ity distribution because lateral mixing may affect 
momentum transfer between the central core and 
outer layers, thus steepening the boundary-layer pro- 
file and increasing the wall shear stress, so that its con- 
tribution to flow deceleration exceeds that estimated 
with the assumed constant friction coefficient. The 
recovery line is consequently inaccurate and the 
measured surge area is too small. Tests at Reynolds 
numbers below 20,000 revealed violent lateral mixing 
when stopping initially turbulent steady flow, with 
after-waves indicating low acoustic velocity (800- 
1,000 ft/sec) due to presence of air. 
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Although the conclusions, as framed, suggest that 4. “Influence of Current-Meter Frame on Discharge 
Gibson flow measurements are subject to error, the Measurements”—Serpaud and Coffin (France). 
discrepancy decreases as Reynolds number increases me. aula Ge aa Flowaster"—Srevten end 
and at practical values the corrections would be neg- A6. “Air-Kiow Measurements by Pitot-Static Traverses” — 
ligible in field turbine efficiency tests. Stratford and Ascough (Great Britain). 


Conclusions SESSION B—Orifice Plates 


It was disappointing to find that so few papers were Bl. “Thin-Plate Orifices’—Sprenkle (U.S.A.). 

: >, « ari p ‘ ic i — 
presented by NEL staff and that no important con- - ary tea DE aaa oe ee Se 
tributions were offered on the ultrasonic and thermo- _B3. “Orifice Plates”—West (Great Britain). 
dynamic methods for large flows. These have shown _B4. “Orifice-Plate Measurements in Steam-Turbine Testing” 
considerable promise in recent years. There was no “Stolz (France). 
apparent attempt to examine the difficult problems .... pia 
associated with conventional storage pumps and re- 2£°S9/ON C— Venturi Meters 
versible pump-turbines and only indirect references 4° .patormance of Venturi Metere. ne 

P y 3 . C2. “Classical Venturi Meter Studies at Liege”—Schlag 
were made to methods where sea water might be in- (Belgium). 


volved with future coastal pumped-storage scheme 3. “Comparison of Four Classical Venturi Meters”— 
and other major works. Spencer and Thibessard (Beigium). 

. “ C4. “Accuracy of Orifices, Nozzles and Venturi Meters”— 
While the papers on “Current-Meter Measure- Engel (Great Britain). 


ments” did not disclose anything really new, those in 
Section E emphasised that apart from improved in- s£ESSION D—Other Pressure-Difference Devices 
strumentation, salt-velocity and salt-dilution tech- pj. “Flow-Tube and Non-Standard Devices”—Dall (Great 
niques using radioactive isotopes may, in future, offer Britain). eee 
easier measurement of large flows. The two papers on D2. “Flow Straightener for Orifice Plates in Disturbed Flow” 
the Gibson method were not unexpectedly chall d saaney Cacans Sea istribuuti 

, tb a) Oa D3. “Velocity and Wall-Pressure Distribution in Standard 
by written contributions from American authorities and ‘Twin-Throat’ Venturi Meters”—Schroder (W. 
on this topic. There is still a good deal of resistance Germany). by . 
to acceptance of this method in Europe, probably be- D4 ph Binge Bren oy i ee 
cause of lack of experience, and it is therefore encour- ~* paj'and Bergelin(USA). 
aging to see that its advantages and limitations are 
being examined on a more scientific basis in lieu of —s¢SsION E—Salt-Dilution and Salt-Velocity Methods 
the somewhat empirical approaches which have been _£}. “Allen Salt-Velocity Method”—Hooper (U.S.A.). 


customary hitherto. E2. “Comparative Salt-Dilution Method for Turbine- 
Much discussion naturally centred around the Efficiency Determination”—Hermant (France). 

papers in Groups B, C, D and G, which alone would BS. uitmantnanuen Conyten, Ball, Cink 

have justified the symposium, and there seems little £4. “Isotope Velocity Method”—Clayton, Clark and Ball 

doubt that when the full proceedings are published (Great Britain). 


with the oral and written discussion they will form | i 
a valuable source of information on modern methods SESSION F—Gibson Method . 
of flow measurements to serve as a guide for future FI. “Experience with Gibson Method in Norway”—Alming 


(Norway). 
research. F2. “Small-Scale Gibson-Method Experiments”—Calvert 


and Drabble (Great Britain). 
SYMPOSIUM ON FLOW MEASUREMENT IN CLOSED CONDUITS— 


ABBREVIATED TITLES SESSION G 
. ‘ Gl. “The Mass-Flow Meter”—Scanes (Great Britain). 
SESSION A—-Current Meters and Pitot Tubes G2 “An db oe Meter for Process Liquids” 
Al. “Component Current Meter”—Kolupaila (U.S.A.) Fischbacker (Great Britain). 
A2. “Current-Meter Mutual Interference and Wall-Proximity G3. “Turbine-Type Gas-Flow Meter”—Gehre (Germany) 
Effects”—Benini (Italy) and Smits (Holland). 


A3. “Water-Temperature Effects on Current-Meter Calibra- G4. “Magnetic Flow Meter’—Ball and Brown (Great 





tion” —Coffia (France). Britain). 
Electric Power in Brazil For the purpose of describing Brazil’s power de- 


The industrial development that has taken place in velopments the country has been divided into five 
Brazil in the last decade has called for a rapid expan- _ regions, of which three are considered in detail. These 
sion of the country’s power system, and a comprehen- are the North-Eastern, the Central-Southern, and the 
sive description of this expansion is given in a Southern Regions, of which the Central-Southern has 
brochure entitled “Electric Power in Brazil,” pub- by far the highest consumption of electricity. The 
lished by the Brazilian National Committee of the power installations, industries and resources of these 
World Power Conference, Rua Visconde de Inhaima. regions are described in full and, amongst the many 


134-15°. Rio de Janeiro. hydro-electric developments mentioned, are the 
This publication describes how a ten-year pro- large Trés Marias and Furnas projects. 
gramme is now under way to expand Brazil’s generat- The brochure concludes with a description of the 


ing capacity from some 3.100 MW to over 8,000 MW many manufacturers of electrical equipment who 
in 1965. Due to poor coal deposits and lack of know- have established factories in Brazil as a result of the 
ledge of the extent of her oil resources, most of encouragement of this industry by the Government. 
Brazil’s power development has been in the field of | Most of the country’s requirements of light equipment 
water power, and hydro-electric developments now are now supplied by local factories and the develop- 
supply 80%, of the country’s generating capacity. ment of heavy industry is well under way. 
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SANDVIK 


from the smallest 
to the 


LARGEST 


a complete range 
of detachable bits 


There just isn’t enough room here to show every Sandvik 
Coromant bit, but the picture above should give you some 
idea of the range. The smallest Coromant bit is 13 inches in 
diameter (35 mm) and the largest, 9 inches (229mm). In 
between there is a carefully graduated range of shoulder-type 
and bottoming type bits for every class of mining and con- 
tracting work — tunnelling, quarrying, boulder blasting and 
general secondary drilling. 


Coromant Drilling means Economy Drilling! 
Coromant detachable bits are made from high alloy Sandvik 
steel. The tungsten-carbide inserts are brazed, using the 
same technique as for the famous Sandvik Coromant integral 
steels. The bits are completely machined. From ore to finished 
bit, every stage of production is subjected to strict quality 
control. As a result, Coromant bits are of uniformly high 






from the 






very wide 
range of 
Sandvik 








Coromant 


bits. 





quality. Test them against any other make of bit and com- 
pare the footage costs. You’ll find, without any doubt, that 
Coromant drilling is economy drilling ! 


Sandvik Coromant - sold throughout the 
world by Atlas Copco. 
Sandvik Coromant drill steel equipment is sold exclusively 
by Atlas Copco - the world’s largest organisation specialising 
solely in compressed air equipment. Currently drilling some 
1,650,000,000 feet a year, Sandvik Coromant drill steel 
equipment is developed for use with Atlas Copco rock drills 
making the world’s most widely used drilling combination. 


Further information about Sandvik Coromant drill steel equip- 
ment 1s readily available from any Atlas Copco Company or 
agent or from the address below. 


Stlas Copco puts compressed air to work for the world 


ATLAS COPCO AB, STOCKHOLM 1, SWEDEN. 
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IN THE UK: ATLAS COPCO (GB) LTD., MAYLANDS AV., HEMEL HEMPSTEAD, HERTS 
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Blaw Knox ‘“Gyramixer’’ 


Blaw Knox Limited announce a new concrete mixer 
which consists of a stationary horizontal pan-type unit, 
having an unmixed batch capacity of 42 cu. ft., and 
a 28 cu. ft. mixed batch capacity. The “Gyramixer”, 
as it is called, has been developed for the high-speed 
mixing ofconcrete, to any specification, ranging from 
the highest quality for prestressed work to harsh lean 
mixes. If{is rated to maintain an output of up to 60 
cu. yd. pag. hour, regardless of the type of mix, each 
batch béing mixed in 20 to 30 sec. An important 
claim md@e for the mixer is the rapid production of 
a completely integrated mix. 


e 


Concrete Mixer 


closed squirrel-cage electric motor of 35 h.p. Alterna- 
tively, a 38 h.p. diesel engine drive with clutch can 
be substituted. Drive from the motor to the mixing 
unit is taken through a helical reduction gearbox and 
a layshaft incorporating Hardy-Spicer universal joints 
at each end, to a David Brown Radicon worm reduc- 
tion unit. A 35 gal. water tank with pneumatically 
operated discharge, supplies water for the mix. It is 
measured volumetrically by means of an adjustable 
syphon which is set by a gauge calibrated in pounds 
and gallons. Water is pressurised to effect rapid dis- 
charge through a distribution pipe located over the 





The “Gyramixer” by Blaw Knox Limited 


A full 1 cu. yd. batch is discharged in 15 to 20 sec. 
through a power-operated discharge gate. The sta- 
tionary-pan principle of design minimises the number 
of moving parts and reduces maintenance. A simple 
overhead drive obviates the need for a central pedes- 
tal, reducing pan diameter and providing optimum 
capacity without excessive depth of mix; this is re- 
garded as an essential feature since a uniform mix is 
said to be impossible to achieve in “deep” mixing. 
The rectangular sliding door is 13-5 sq. ft. in area 
and is mounted on rollers running on shrouded tracks 
and fitted with automatic scrapers to prevent build- 
up of concrete. Opening and closing of the discharge 
door is controlled by a horizontal pneumatic ram, 
a final positive seal being obtained by a vertical jack- 
ing ram located under the discharge door. 

The mixing unit comprises a rotating gearbox 
which revolves about the centre of the pan. It carries 
two stars, each rotating about its own axis and fitted 
with three mixing blades. Floor and wall scraper 
blades are also attached to the rotating gearbox. The 
stars rotate at unequal radii and the blade path has 
been designed to ensure that the entire pan area is 
covered during each revolution. The floor and wall 
scraper blades direct materials from the edge of the 
pan into the path of the mixing blades so that every 
part of the batch is systematically mixed; it is im- 
possible for pockets of unmixed material to remain. 
Normally the machine is powered by a totally en- 
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aggregate feed chute. The machine is designed for 
operation in conjunction with batching plants, but 
alternative loading arrangements include a power 
batch loader in which the aggregate feed to the mixer 
pan is by a 42 cu. ft. capacity power-operated skip 
which is mounted on track rollers running in channel 
section guide rails. 


Map Supports 


George Philip & Son Limited of Victoria Road, 
London, N.W.10, have secured the agency for a bet- 
ter and cheaper method of supporting map sheets. 
The Pano map rail, as it is called, consists of a light 
suspension rail, 48 in. long, into which maps and 
other similar material can be slid under a transparent 
clamping strip for viewing. It costs 40s. 6d., post free. 


New Stainless-Steel Electrode 


A new electrode, Super Stainees, which, it is 
claimed, will cut the cost of welding stainless steels, 
is being produced by The English Electric Co. Ltd. 
It welds faster and more easily than conventional 
stainless-steel electrodes by depositing up to 50% 
more metal. This is achieved by using a heavier elec- 
trode coating containing metallic powder, and it thus 
has the advantages of iron-powder electrodes. 

The new electrode is used with the “touch” tech- 
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nique. The lighter gauges are suitable for use in all 
positions, there is little spatter, and slag is easily re- 
moved. It can be used with a d.c. or a.c. output. The 
a.c. output should be over 70 V open circuit and with 


d.c. it is preferable for the electrode to be positive. 

Super Stainees has been developed and is marketed 
by the Welding Electrode Division of English Elec- 
tric, Clayton-le-Moors, Accrington. 


Holman S.L. 160 Heavy Drifter 





A new heavy drifter, the S.L. 160, has been iniro- 
duced by Holman Bros. Ltd., of Camborne. It has 
been designed especially for deep-hole drilling and 
has reversible rotation to assist in the coupling and 
uncoupling of jointed drill steels. The shank is of 
the locked-in type, and 1} in. round, 14 in. round, or 
1} in. hexagon rods can be used. A tube permitting 
an ample flow of flushing air or water is ring sealed 
in the drill shank. 

Rotation is determined by the set of a lever at the 
back end of the drifter, but control of operation and 
blowing is by a separate cock, which can be situated 
where most convenient to the mode of drilling. The 
screw-fed cradle-mounted model is driven by the most 
powerful and compact air motor yet developed by 
Holman’s—the Mark IV—giving ample power for 
withdrawing drill steels from depth, and keeping the 
overall cradle length to a minimum. 

The S.L. 160 has a 4-in. bore, and a 3,%-in. stroke. 
Its weight with shank end is 150 Ib. 


Epoxy Resins on Concrete Weirs 

Owing to the rapid growth of algae on concrete 
surfaces, the cleaning of concrete weirs under sum- 
mer conditions can be a problem of importance. An 
Araldite epoxy resin has been developed by CIBA 
(A.R.L.) Limited for coating concrete, and has been 
tested for algal growth on an effluent plant flume at 
their Duxford factory, Cambridgeshire. Results have 
shown that this coating considerably reduces the rate 
of growth of the algae. Following these tests, a 
similar Araldite-based coating has been applied to a 
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weir at a gauging station on the River Lark near 
Mildenhall, Suffolk. The weir has been built recently 
by the Great Ouse River Board as part of a compre- 
hensive scheme for gauging the rivers in their area. 


Austrian Consulting Engineers. We have received an 
attractive folding leaflet, with English text, outlining 
the services offered by Verbund-Plan G.m.b.H., Wien 
1, Am Hof 6A. This organisation is affiliated to the 
Osterreichische Elektrizitatswirtschafts-AG, and has 
designed and constructed 18 water-power plants hav- 
ing an aggregate capacity of 1,600 MW, nine large 
dams having a total volume of 1,800,000 m* of con- 
crete, four thermal power plants totalling 600 MW, 
17 transformer and switching stations, and 1.011 km 
of high-voltage transmission lines. 


Radicon Worm Reducers. At a Press reception held 
recently in London by the David Brewn Corporation 
(Sales) Limited, of Park Works, Huddersfield, the 
new Radicon Adaptable and Solid Foot ranges of 
worm reducers were exhibited in a variety of sizes. 
It should be noted that some of the David Brown 
gearing units have found their way in the hydro- 
electric field and have been supplied to the North of 
Scotland Hydro-Electric Board and also to the 
Canadian Kemano-Kitimat scheme. A most interest- 
ing colour film was shown inaugurating a centenary 
since David Brown’s inception. The film outlines the 
company’s growth, shows the manufacture of gear 
units and illustrates the wide range of engineering 
fields that the company deals with in the present day. 
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Max. quar. 
output 
200,000 HP 
per turbine 


One of the big runners... 
















NOHAB — since more than 
100 years a large deliverer of 
water turbines — is today one 
of the leading turbine manu- 
facturers in the world. The 
picture shows the runner for 
The STORNORRFORS Power 
Station, Sweden, the mos! 
powerful hydraulic power 
plant in Europe. In keen com- 
petition on the international 
market, the company has been 
favoured with important or- 
ders. PANCHET HILL, India, 
FURNAS, Brazil and BAY- 
GORRIA, Uruguay are some 
examples of this. You can con- 
tact NOHAB both regarding 
water power and atomic 
power projects. 


NYDQVIST & HOLM AB 


TROLLHATTAN SWEDEN 


Cables NOHAB, Telex 5284, Phone 180 00 
Subsidiary in Canada: 
NOHAB CANADA LTD. Montreal and Toronto 







Progressive 
Sound 
Rugged 








Dependable These words have always qualified the Hydraulic Turbines and their Ancillaries 


manufactured by VOITH-HEIDENHEIM. Satisfied customers all over the world can 


e testify to a most happy experience with Voith products. In our abbreviated Refe- 
Economical rence Lists we have included the most important hydro-electric projects in which 
Voith equipment has been installed. We invite you to write for a complimentary 

copy, specifying the equipment in which you are interested. — The workshop photo 

shows the runner of a 4-jet double-overhung impulse turbine rated at 86,000 HP at 

a net head of 680 m. This runner will be installed in the 'Cubatao’ Hydro-Electric 


Power Station (Brazil). 


© J.M. VOITH GMBH - HEIDENHEIM (BRENZ) - GERMANY 
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Abstracts from the 
World Technical Press 


Steel Facings in Fill Dams 

The idea of using watertight steel facings for earth 
and rockfill dams is anything but new, and yet, in 
spite of its many advantages, its application has been 
rather neglected in practice. These advantages can 
be listed as follows: perfect and uniform impervious- 
ness, quicker placing of fill, earlier impounding, 
flexibility, easier repair work. Combined with costs 
that are not higher than in other methods, these 
qualities speak highly in favour of the use of steel 
facings. Following a general survey of metal and 
other facings as applied to fill dams, the author des- 
cribes in detail the diaphragm of copper-bearing 
steel protecting the upstream face of the Salazar rock- 
fill dam, and the measures taken against corrosion. 
This diaphragm covers an area of no less than 2-47 
acres. The actual laying of the facing and the imple- 
ments used are also described. The behaviour and 
performance of the diaphragm in actual service are 
proving its efficiency. The last measurements taken 
established that there was no leakage worth mention- 
ing. (N. Franco, La Houille Blanche, Vol. 15, No. 3, 
May 1960, p. 272, 12 pp., 18 ff.) 


Pier Design in Run-of-River Plants 

This article forms an abridged version of the dis- 
sertation submitted by the author to the Karlsruhe 
Technical University as a thesis for the Dr. Ing. 
degree in 1957. It deals especially with the design 
of the pier separating the spillway and power blocks 
in run-of-river plants comprising navigation locks. In 
many instances, the river bed proves too narrow to 
accommodate the three sections of the plant on a 
common axis, and the power block has to be built 
wholly or in part in a cove cut out of the bank. In 
addition to the layout of spillway and power block 
in relation to each other, and of the forebay and 
afterbay in the cove, correct design of the training 
pier between spillway and power block, based on 
comprehensive model tests, is of the utmost import- 
ance, especially as it concerns the efficiency of the 
turbine adjoining the pier. Following theoretical 
considerations, the author describes in detail the tests 
carried out at the Laboratory for River Structures of 
the Karlsruhe T.U. on 12 different patterns of piers 
reproduced partly or wholly in small-scale models. 
The results, which are discussed, confirm the 
theoretically established fact that the most favourable 
shape of the upstream tip of the pier consists in plan 
of two elliptical quadrants. The optimum pattern of 
the pier can be designed for any pier width; the re- 
quired minimum width was calculated by means of 
a formula B=c.f(C). in which c is a constant which 
depends on the flow conditions prevailing in the pool 
of a given installation, and varies from plant to plant. 
Appended is a table in which all the model tests so 
far carried out, and most of the field observations 
recorded, have been utilised. A section of the dis- 
sertation is devoted to an analysis of the special pat- 
terns of piers which have been determined by rule 
of thumb. (An abstract of an article on the same 
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subject appeared in WATER Power, No. 5, January 
1958, p. 40). (Dr. Ing. Gerhard. Rouvé, Die Wasser- 
wirtschaft, Vol. 50; No. 4, April 1960, p. 90; No. 5, 
May 1960, p. 129; 11 pp., 16 ff.) 

Note. The above-mentioned April issue also con- 
tains an article on the advance achieved in telemeter- 
ing as applied to flow gauging, with reference to 
storage reservoirs and pools in run-of-river plants. 


Energy Distribution in Regions of 
Separation 

During the past decade the Iowa Institute of Hy- 
draulic Research has undertaken a series of studies 
of flow in the vicinity of quasi-stable eddies resulting 
from separation at boundary angulariiies. In the pre- 
sent paper the mean and secondary patterns of 
axisymmetric flow are determined for two comparable 
boundary forms, abrupt inlet and blunt shaft. Mea- 
surements available for analysis included the dis- 
tributions of mean velocity, mean pressure, longi- 
tudinal and radial intensities of turbulence, turbulent 
shear, and longitudinal intensity gradient. Through 
use of the equations of momentum and of energy for 
the mean and the secondary motion, the measured 
distributions were adjusted to yield the required 
balance of the essential terms in the equations, thus 
arriving at results ‘n general accord with physical 
requirements. These are presented in the form of flow 
patterns themselves, supplemented by curves of varia- 
tion of the individual momentum and energy terms 
throughout the regions of separation. Of particular 
significance is the interrelationship of turbulence 
production, convection, and dissipation, and the fact 
that a relatively small amount of turbulence energy 
is required locally to produce a large overall change 
in flow pattern. Two final diagrams indicate the 
variation of the terms of the Bernoulli equation ex- 
tended to include the effects of turbulence and energy 
dissipation. (Hunter Rouse, La Houille Blanche, Vol. 
50: No. 3, May 1960, p. 221, English text p. 235; 
No. 4, June 1960, p. 391, English text p. 404; 27 pp.., 
44 ff.) 


Harnessing the Arnon-Diablerets Head 

The harnessing of this 378-15-m head completes the 
development of the Grande Eau stream, which flows 
into the Upper Rhone near Aigle, due south of the 
eastern tip of the Lake of Geneva. The backbone of 
this three-stage development is the Arnon Lake, raised 
first in 1942 by a small masonry dam to ensure the 
supply to the first two stages, and a second time in 
1956 by an earthfill dam equipped with a flood-control 
spillweir. Since this earthfill dam was included in the 
original project, no alteration of the lake intake was 
required. Even with its increased capacity, the Arnon 
Lake would have been unable to supply the additional 
water needed by the Diablerets plant, and this prob- 
lem was solved by building on the Ayerne stream, a 
tributary of the Grande Eau, an intake which collects 
the waters of the Isenau catchment and conveys them 
to the lake through a branch tunnel connecting with 
the main tunnel as the Ayerne intake is slightly above 
the maximum storage level of the lake, the 4:5-km 
Arnon tunnel, when functioning in conjunction with 
the Ayerne branch tunnel, feeds the lake by gravity; 
on the other hand, it acts as a pressure conduit when 
connected with the 984-m Crettaz tunnel, which leads 
to the Diablerets penstock. The first instalment of this 
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Hydraulic 


Generator 


Another 
Big 


Turbine 
and 


by 
Hitachi 


Hitachi has recently completed two 137,500 kW/125,000 kVA hydraulic turbines and generators 
for the Miboro Power Station in Central Japan. The turbine is of the vertical-shaft Francis type, 
and specified for a speed of 225 r.p.m., a maximum effective head of 200m and 76.6 cu.m/sec. 
water flow, making it one of the largest units of its kind in the world. Its runner has a maximum 
diameter of 3.7m and the main shaft a diameter of 95cm. The spiral casing, which was construc- 
ted in 13 sections to facilitate transportation to the site, has an inlet diameter of 3.35m and an 
outer diameter of 11.2m. 


The generator presents a high-torsoed appearance, having been so designed in consideration of 
the comparatively high speed. Since the generator was designed for a rated voltage of 16,500 
volts and, in this respect, represents the first such attempt in Japan, particular care was taken 
in the corona-shielding and impulse resistance o* the stator winding. The generator is rated at 
60 cycles, 225 r.p.m. and 0.9 power factor, but is also capable of operating at 50 cycles, 187.5 
r.p.m. and 1.0 power factor 
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article is exclusively devoted to the earthfill dam, 
which has the following characteristics: 17 m in maxi- 
mum height, 73 m in maximum base thickness, 140 
m in crest length, and 40,000 cu m in volume; there 
is no impervious core. The construction of the dam 
is described at length, and a full account of the pre- 
liminary and control tests is given. The Ayerne intake, 
designed for a maximum fiow of 1:2 m*/sec and a 
flood fiow of 6 m*/sec, discharges into a four-cham- 
ber settling tank which prevents fine sand in suspen- 
sion from entering the tunnel. Intake and settling tank 
are protected from avalanches by a strong roof of 
reintorced concrete and by embankmenis extending 
to the roof at the upstream end and at the sides. A 
remarkable feature of the hydraulic system is that, 
in spite of its length (about 6-3 km), ii has no surge 
tank between the Crettaz tunnel, which forms an 
extension of the Arnon tunnel, and the penstock. On 
the one hand, the rugged ground at this point ruled 
out the erection of such a structure, and, on the other, 
the ratio between the apparently excessive cross 
section of the tunnel (2-0 m minimum diameter) and 
that of the penstock at its upstream end (0-80 m dia- 
meter) favoured the omission of a surge tank. In fact. 
the purpose of a surge tank is fulfilled by the Ayerne 
branch tunnel. The penstock comprises two distinct 
sections. The upstream section is 392 m long, 0:8 m 
in diameter, and is of conventional design. It is laid 
in the Coutaz tunnel and consists of two straight 
siretches with a gradient of 4 per thousand and 35% 
respectively. The downstream section, 808 m in length 
and having a diameter of 80 cm at the top and 70 
cm at the bottom, is buried. The Ayerne intake, com- 
pleted in October, 1956, began to feed Lake Arnon 
in the spring of 1957, the lake reached iis maximum 
storage level in July, and, following a series of exten- 
sive trials, the whole plant was put into service in 
September of the same year. (Pierre Payot, Bulietin 
Technique de la Suisse Romande, Vol. 86, No. 2, 
January 16, 1960, p. 21; No. 3, January 30, 1960, p. 
41; 20 pp.. 18 ff.) 


A Dam for Brasilia 

The main purpose of this dam is to create a lake 
which, with its several long branches, will greatly 
contribute to the beauty of the new and ultramodern 
capital now being built for Brazil about 600 miles 
north-west of Rio de Janeiro. The power plant, to 
be completed in 1961 about 0°8 mile downstream 
from the dam will house three 9,000 kW vertical 
Francis units, and, together with the large power 
stations at Cachoeira Dourada and Trés Marias, 
supply the needs of Brasilia and surrounding area. 
The dam itself, a combined earth and rockfill set up 
across the Parana River, has the following character- 
istics: 1,739 ft. long, 144 ft. high; volume according 
to final design, 1,047,700 cu. yd. in earthfill, and 
529,700 cu. yd. in rockfill; the spillway, designed for 
a discharge of 42,400 cusecs, has three radial gates 
29 ft. 6 in. x 21 ft. 10 in.; the power intake, 9 ft. 10 in. 
in diameter, with a transition from the rectangular 
opening, is controlled by a 9 ft. 10 in. x 10 ft. 0 in. gate 
with six fixed wheels, and stoplogs. Progress on the 
dam at the early stages, largely controlled by rock 
operations, soon indicated that the full section could 
not be completed to a sufficient height to permit clos- 
ing of the diversion conduit, and diversion through the 
spillway, at a sufficiently early date. Careful studies lea 
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to the construction of a “first-stage” dam section 
limited in height to E1.977, sufficient to divert pos- 
sible flood waters through the spillway and the power 
intake without overtopping the dam. This did radi- 
cally cut down the immediate need for rock, and, 
by February 1960, the first-stage section of the struc- 
ture had been completed. Second-stage work to the 
full design section was expected to be carried to com- 
pletion by about June 1960. (Erik Rettig, F. Asce, 
Civil Engineering, New York, Vol. 30, No. 5, May 
1960, pp. 54-56, 6 ff.) 


World’s Production of Electrical Energy 
in 1959 

This special issue of the undermentioned journal 
is devoted to a survey of the world’s e’ectrical indus- 
try in 1959. The figures given for the leading indus- 
trial countries of the Eastern Block are of particular 
interest. In the Soviet Union production has in- 
creased against 1958 by 13:1% to 264,020 million 
kWh, out of which hydro production accounted for 
47,564 million kWh.; the figures for installed capacity 
are 10,856,000 kW for hydro plants and 53,367,000 
kW in the aggregate. As to new plants comprised in 
the Seven Year Plan 1959-1965, out of the aggregate 
capacity of 58 to 60 million kW no less than 80% 
will be installed in thermal plants which can be built 
quicker and at lower cost. In Czechoslovakia, pro- 
duction reached 21.884 million kWh, an increase of 
115% againsi 1958, the hydro-electric contribution 
being about 13%. Insta!led capacity was hydro-electric 
773,000 kW, thermal 3,894,700 kW. The Five Year 
Plan ending 1965 provides for an increase in produc- 
tion to 37,670 million kWh. Poland’s production in- 
creased 10:1% to 26,379 million kWh; installed 
capacity at the beginning of 1959 was hydro-electric 
246,000 kW, thermal 4,762,800 kW. An aggregate 
production of 43-5 milliard kWh, most of it thermal 
is planned for 1965. (As.. Quaderni di studi i notizie. 
Vol. 16, No. 319, 16th June 1960, p. 477, 29 pp., 8 
tables, 3 colour graphs.) 

Norte. The above issue also includes a comprehen- 
sive analysis of the Italian energy balance-sheet fo 
1959 (p. 517, 37 pp.. m. 5 tables, 1 colour graph). 


Ovtimum Adjustment of Kaplan Turbines 

To obtain the highest degree of efficiency from a 
Kaplan turbine at all states of head or load involves 
running with the optimum adjustment of the ratio 
between guide-vane opening and runner-blade setting. 
This is achieved by means of a set of cams, each cam 
corresponding to one of the operating heads. The 
substitution of one cam for another can be effected 
either by hand or automatically by means of a head 
indicator. The author briefly reviews the remarkable 
results obtained in all instances of acceptance tests 
in which particular stress was laid on the guide-vane 
to runner-blade adjustment at various heads. In the 
plants involved the head varied between 6 and 9 m. 
and each series of measurements was taken at three 
heads, 20 tests being effected from each head with a 
different discharge. For the optimum adjustment 
aimed at, a graph shows the interdependence of 
guide-vane to runner-blade setting by means of two 
sets of curves. The three curves plotted at the three 
heads of 6, 7 and 8 m. and expressing the guide-vane 
opening in relation to discharge are fairly parallel, 
whereas the three curves showing the runner-blade 
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setting are absolutely identical. lf we consider the 
ratio of guide-vane opening to runner-blade setting 
in the second graph, and add to it the discharge cor- 
responding to each runner-blade setting the vertical 
lines showing the discharge are identical for each 
setting. It follows that in Kaplan turbines operating 
at varying heads it is possible to maintain the same 
discharge if the runner-blade setting remains un- 
changed and the guide-vane opening is adjusted 
accordingly through a slight change of head. A 
further point of interest is that the readjustment of 
the guide vane in the case of a full opening of about 
500 mm. does not amount to more than about 20 
mm. per m. of head, no matter whether the turbine 
is working at full or part load. Such a control gear 
for Kaplan turbines requires in fact one average-size 
cam only for the adjustment of the guide-vane to run- 
ner-blade setting, combined with a mechanism which 
under the influence of the level difference between 
headrace and tailrace, increases or decreases to a 
relatively small extent the guide-vane opening. This 
type of control gear, however, presupposes an accu- 
rate knowledge of the turbine characteristic, that is 
to say, the optimum adjustment of guide vanes to 
runner blades at varying head. This adjustment can 
only be determined by extensive discharge gaugings. 
It is claimed this automatic control gear is particularly 
suitable to power stations either operating from a 
head subjected to frequent and rapid variations or 
included in co-ordinated chains of plants. (Anton M. 
List, Die Wasserwirtschaft, Vol. 50, No. 6, June 1960, 
pp. 163/164, 2 ff.) 


Thermic Hydrometer 

The idea of utilising the cooling of electrically 
heated resistance thermometers for measuring the 
flow of the cooling agent “water” goes as far back as 
1930, when the late Professor Thoma, then head of 
the Institute for Water-Power Machines at the Munich 
Technical University carried out tests for this pur- 
pose. A practical application to water-power plants 
in actual operation, however, proved a failure owing 
to certain technical deficiencies. The next problem 
that suggested itself was the determination of low 
water velocities by means of thermal measurements, 
a task to which the author has recently returned. His 
first step, with the co-operation of a West-German 
concern specialising in electrical measuring tech- 
niques, was to develop in model form a simple measur- 
ing instrument by means of which an extensive range 
of tests is being carried out in hydro-electric plants 
of the Bayern-Werke A.G. The aim to reduce water- 
velocity research to electrical measurements (in this 
instance, cooling of an electrically heated resistance 
wire with influenced variation of resistance) appeared 
attractive, particularly since electrical measurements 
hold out, in addition to a high sensivity, the prospect 
of an accuracy that can hardly be excelled. Expecta- 
tions as to sensivity were fulfilled to a large extent. 
as shown by the first graph appended to the original 
article. From this graph, it appears that the sensivity 
curve plotted from these measurements rises uncom- 
monly steeply as the velocity decreases, This result, 
however, does not prove an unmitigated advantage 
since the extent of perturbation in the reading against 
outside influences similar in magnitude to the quantity 
measured, grows as sensitivity increases; the accuracy 
of the measurement is then affected. So far, the best 
results achieved with the thermic hydrometer were 
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obtained in the manifold of a high-head plant of the 
Bayern-Werke A.G.; in this instance the power water 
was practically free from impurities. The discharge 
of the two turbines running idle was measured at 
the same time by both the thermic hydrometer and 
an Ott aerofoil. The water loss caused by a tem: 
porarily leaking valve was correctly ascertained by 
the thermic hydrometers. in this respect, both the 
aerofoil used for gauging purposes and the differential 
meter in current service failed. The author underlines 
the economic advantages of measuring such minima] 
amounts of water. In water-power budgets involving 
yearly the production of milliards of kWh, a wate1 
loss of no more than 0-1% may mean a production 
loss of a few million kWh. Not only must such mini- 
mal water losses be detected, but if they are to be 
avoided they must also be accurately measured and 
checked. Besides, the expenditure involved in the in- 
stallation of thermic hydrometers at a few measuring 
points is more than offset by the reduction of water 
losses. The setting up of these measuring points en- 
tails no complications, and as the apparatus installed 
has no movable parts wear and tear is negligible, and 
handling is very simple. (Dr. Ing. F. Worl, Die Was- 
serwirtschaft, Vol. 50, No. 8, August 1960, pp. 203— 
205, 5 ff.) 


Seepage Flow in Reservoir Banks 

This is a short account of the tesis carried out at 
the Laboratory for Hydraulic and Earth Structures 
of the Federal Technical University, Zurich, for the 
purpose of investigating seepage flow in reservoir 
embankments. This range of tests proceeds from a 
previous series devoted primarily to seepage flow in 
earthfill dams, and, in both series, seepage due to 
fluctuations in reservoir water level is the subject of 
the study. In the tests connected with earthfill dams. 
which had central impervious cores, the seepage was 
assumed as originating from triangular groundwater- 
bearing formations, and in the series under review 
they were extended to trapezoidal formations of 
various lengths. The results obtained can also be 
applied to further investigations such as the effect on 
bank stability of a partial lowering or raising of the 
water level. the water-storage capacity of ground- 
water-bearing formations, and the operation of irriga- 
tion and drainage systems. (Dipl. Ing. J. Zeller, 
Schweizerische Bauzeitung, Vol. 78. No. 34, August 
25, 1960, pp. 557-559, 8 ff.) 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 8th 
of the month for the following month's issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


One Pumping Set for Sale 
A pulsometer 2,000 gp.m. CENTRIFUGAL PUMP, 
driven by a 400 h.p. G.E.C. electric motor, 400 volts, 50 
cycles. Pump wuuld be sold separately. 
For further details apply to M.B. Aircraft Co. Ltd., Lang- 
ford Lodge Aerodrome, Crumlin, Co. Antrim. 


WATER POWER January 1961 




















Shop assembly of a five-jet manifold for one of the 
two 28,750 h.p. Impulse Turbines for Kundah No. 1. 









he runners left, a 50,000 h.p. turbine, 


Polishing 
750 h.p. runners. 


at right, one of the 28 
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Shop-testing one of the 2’6” spherical valves for 
Kundah No. 2 at a pressure of 2,140 psi. 








“IT MAKES LIGHT 


WHERE THERE WAS DARK.” 


Rangaboyan said that. He is foreman of a 
crew pouring concrete for the Kundah Hydro- 
Electric Project in Madras. 

It would probably not mean much to Ranga- 
boyan if you told him that there are two 
Dominion Impulse Turbines at Kundah No. 1, 
developing 28,750 h.p. each under a head of 
1,186 feet, and four turbines at Kundah No. 2 
producing 50,000 h.p. each under 2,470 feet, 
and that Dominion Spherical Valves can shut 
off each turbine and hold back this enormous 
water pressure. 

He might agree politely to your statement 
that the Kundah Development is one of the 
largest Colombo Plan Projects, and that its 
total cost will amount to $70,000,000. 

And he wouldn’t know what you were talking 
about when you told him that Kundah’s total 
annual capacity of about 8 million KWH is 
enough to increase the present per capita 
consumption in Madras by 50% —from 36 
KWH to just over 50 KWH. 

Rangaboyan, you see, cannot read or write. 
Yet he said it all with simple directness—‘“‘it 
makes light where there was dark”’. 


Write for Bulletin 201-59 — “Hydraulic Turbines” — to 


DOMINION ENGINEERING 


COMPANY LIMITED 
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SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: NISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “‘SAKATETSU TOKYO” 
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YORKSHIRE ELECTRIC TRANSFORMER CO. LTD.. 


THORNHILL, DEWSBURY, YORKS. TEL: 1691-2 GRAMS: TRANSFORMA, DEWSBURY 
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PATENTED 
OSSBERGER 
WATER TURBINES 












Specially suitable for econo- 
mical utilization of fluctuating 
waters 













Range of application 

for heads: 1-100 m 

Water supply: 

10-4000 litres/sec 

Output: up to 300 HP. per unit 


Supply of 
complete 
small-sized 
hydro-electric 
power 

plants 


| OSSBERGER - TURBINENFABRIK 
Bots a» sameeren AOD. mec asaroadleonen 












Typical Journal Bearing for 
horizontal Pelton Wheel 








driven Generator. Shaft dia- 
meter 21 inches, R.P.M. 428, 
Journal load 5! tons. | 












~MICHELL BEARINGS 


The original pivoted pad film lubricated 
|, bearings. They carry loads with complete 
reliability and efficiency with downright 
simplicity for all Hydro-Electrical installa- 
tions, and for Marine, Mining, Paper- 
Making Machinery and other requirements. 


| MICHELL BEARINGS LTD. 


SOUTH BENWALL NEWCASTLE UPON TYNE 5 
MICHBEARO, NEWCASTLE 


Telephone 34279 Telegrams : 
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INSULATORS i 
for high and low vo s 
transmission lines = 
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TECHNICAL pORCELAINS oF ALL KI 














THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation and 
Railway News. Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel-engine 
design and diesel railway traction. 

Monthly 2s. 6d. 


SHIPBUILDING AND SHIPPING RECORD 
A journal of Shipbuilding, Marine Engineering, Docks, Harbours, and 
Shipping. Weekly 2s. Annually £5 by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in production, 
trade, transportation, and related spheres in all countries of the 
Commonwealth. Monthly 2s. 6d. Annually £2 by post. 


COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
manufacturers of Colliery Equipment. 

Monthl; 2s. 6d. 


Annually 35s. by post. 


Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical prob- 
lems involved in the production of coke and gas in coke ovens 
and gasworks Monthly 2s. 6d. Annually 35s. by post. 


THE INDUSTRIAL CHEMIST 
A journal devoted to the progress of applied Chemistry and 
Engineering Monthly 2s. 6d. Annually £2 by post. 


woop 
A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing and use of wood in all its 
forms. Monthly 2s. 64. Annually 35s. by post. 


FOOD PROCESSING AND PACKAGING 
A journal devoted to the manufacture, packaging, and marketing of 
processed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 
A technical journal devoted to the study of al! aspects of Hydro- 
Electric Development. Monthly 2s. 6d. Annually £2 by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways and 
Locomotives. Monthly 2s. 6d. Annually 35s. by post 


MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods of 
prospecting, the winning of ore and stone, the dressing of ore and 
minerals, and extraction metallurgy 
Monthly 2s. 6d. Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill 











Street, Westminster, London, S.W.! | 
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Butterfly Valves are not what they used to be 



























The old orthodox design of butterfly valves with all 
their inherent weaknesses are now things of the past. 
A completely new and patented bridge bearing system 
is incorporated in Gordon Butterfly Valves enabling 
very high pressure drops to be easily and smoothly 
controlled. 

These design principles together with a choice of tight 
sealing methods which completely eliminate any shaft 
or peripheral leakage greatly extend the range of 
applications, and today Gordon Butterfly Valves are 
being specified in a wide range of industries from iron 
and steel works to nuclear engineering and wind 
tunnel operations. 

Available in sizes from 6” and upwards (standard 
designs include a 108” diameter valve), standard or 
purpose made, and in materials to suit almost any 
application, they could well play an important part in 
your organisation. Full details supplied on request. 


72” diameter tight closing Butterfiy Valve 


for 730 ft. hd. operating pressure. 

A member of the Elliott Automation Group. Ey 
There’s 
hundreds of uses for eT @}] iBT e)) VA LVE Ss 


JAMES GORDON VALVES LTD * AIRPORT WORKS * ROCHESTER * KENT 
Telephone: Chatham 44400 
c/2 








Racks and 
Rack Cleaning Machines 


for 


HYDRO-ELECTRIC POWER PLANTS 
WATER PURIFICATION PLANTS 
PUMPING STATIONS 


ENGINEERING WORKS 


JONNERET S. A. 


GENEVA (JUNCTION) SWITZERLAND 
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The most economical use of sources of energy 


such as water, coal, oil and atoms depends very largely on the choice of the right steels for the 
construction of the power plants and units. High pressures, high temperatures, and scale, cor- 
rosion and cavitation resistance call for steel castings and forgings specially suited to these 
requirements. The extremely high stresses in modern steam-raising plants are marked by wor- 
king temperatures up to 650°C, and gas turbines operate at even higher temperatures. 
More than a century ago, Jacob Mayer, founder of the Bochumer Verein, invented a process 
for casting steel in moulds, as a result of which it became possible for the first time to construct 
turbines which have now achieved their present high standards. 

True to its long traditions, Bochumer Verein has always been in the forefront of those works most 
prominent in the research and development of new steels for the power-producing industry. 
The process recently evolved by Bochumer Verein for degassing large volumes of steel in a 
vacuum has facilitated the production of high quality steel forgings and castings of all sizes, 
especially for use in power plants, with a degree of safety never formerly attained. 

We shall be very glad to advise on any steel problems. 


fir GuBstahlfabrikation AG BOCHUM 





Representatives for the U. K.: 


THE STAHLUNION COMPANY LIMITED, 61 Pall Mall,London, S.W.1,WHitehall 5315 
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Photograph by courtesy of Snowy Mountains Hydro-Electric Authority 


in the Snowy Mountains 


Four ‘ENGLISH ELectrRIC’ high-head Francis 

turbines and a spare runner have been supplied 

to the Tumut | Power Station, 1,200 feet below 

ground in the Snowy Mountains, Australia. 

These turbines, which can deliver 129,000 h.p. at 

1,065 feet head, are amongst the most powerful 

at this head in the world. _ hydro-electric equipment 
“ENGLISH ELECTRIC’ also supplied two 30,000 kW all 
water turbine-alternator sets for the Guthega CMU WU lll 


Power Station in the Snowy Mountains Scheme. 


THE ENGLISH ELECTRIC Company LimitrepD, ENGLISH ELECTRIC HousE, STRAND, LONDON, W.C.2 
Hydro-Electric Division, Dunnings Bridge Road, Netherton, Bootle, Liverpool, 10 
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